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A B S T R A C T
D a h m e r , T h o m a s  D . , M . S . ,  1978  W i ld l i f e  B io lo g y
Status  and E c o lo g y  o f th e  W ild  A s ia n  B u ffa lo  (B u b a lu s  b u b a l is  L .  ) 
in  N e p a l (72 pp. )
D ir e c to r :  B a r t  W . O 'G a r a ( 2 ^
F ie ld  in v e s tig a tio n s  w e r e  conducted  f r o m  M a y  1975 th ro u g h  
J u ly  1976 to e v a lu a te  the  s ta tu s  o f the  A s ia n  w i ld  b u ffa lo  a t K o s h i 
T a p p u  W i ld l i fe  R e s e rv e  in  th e  t e r a i  o f s o u th e a s te rn  N e p a l, and to  
c o m p ile  in fo rm a tio n  p e r t in e n t  to  th e  p ro p o s ed  tra n s lo c a t io n  of 
w ild  b u ffa lo  to  C h ita w a n  N a tio n a l P a r k .  W hen f is c a l  c o n s id e r ­
a tio n s  e ffe c te d  in d e fin ite  p o s tp o n e m en t o f th e  p ro p o s ed  t r a n s ­
lo c a tio n , s tu d y  e m p h a s is  w a s  s h ifte d  to  w ild  b u ffa lo  e co lo g y  in  
o r d e r  to  deve lop  m a n a g e m e n t p r io r i t ie s  o r ie n te d  to w a rd  lo c a l  
c o n s e rv a tio n  of th e  s p e c ie s .
T h e  w ild  b u ffa lo  p o p u la tio n  w as censused  and c la s s if ie d  
a c c o rd in g  to  a g e -s e x  c r i t e r i a  v ia  id e n t if ic a t io n  and re p e a te d  
o b s e rv a tio n s  of know n in d iv id u a ls . H a b ita t u t i l iz a t io n  w as  d e s ­
c r ib e d  a c c o rd in g  to  p h ys io g n o m ic  v e g e ta tio n  ty p e s , c o v e r  d e n s ity , 
r e la t iv e  p r o x im ity  to  h u m an  s e tt le m e n ts  and a g r ic u l tu r a l  c ro p s ,  
and e x p o s u re  to  s u n lig h t. S p a tia l d is tr ib u t io n  w as d o cu m en ted  on 
d ie l and s eas o n a l b a s e s . T h e  n a tu re  o f h u m an  and d o m e s tic  l i v e ­
s to c k  e x p lo ita tio n  o f w i ld  b u ffa lo  ra n g e  w as  d e s c r ib e d  and the  
im p a c t a s se s s e d .
M a n a g e m e n t p ra c t ic e s  w e re  d e tr im e n ta l to  w i ld  b u ffa lo  and  
n e a r ly  a l l  o th e r  m a m m a lia n , a v ia n , and v e g e ta t iv e  w i ld l i fe .
B as e d  on co n c lu s io n s  d ra w n  f r o m  f ie ld  s tu d ie s , th e  fo llo w in g  
c o r r e c t iv e  m a n a g e m e n t re c o m m e n d a tio n s  w e re  m ad e : (1) i m ­
po u n d m en t and a u c tio n  of d o m e s tic  liv e s to c k  no t b e lo n g in g  to  
le g a l re s id e n ts  o f K o s h i T a p p u  W i ld l i f e  R e s e rv e ; (2) im p o u n d m e n t  
and a u c tio n  o r  d e s tru c t io n  o f f e r a l  liv e s to c k ; (3 ) e v ic tio n  of 
i l le g a l  s e t t le r s ;  (4 ) d e s tru c tio n  o f i l le g a l ly  c u lt iv a te d  c ro p s ;
(5 ) fe n c in g  to  c o n tro l use o f c ro p s  b y  w i ld  b u ffa lo  o u ts id e  the  
R e s e rv e ;  (6 ) p re v e n tio n  of u n c o n tro lle d  b u rn in g ; (7 ) e x p e r i ­
m e n ta lly  c o n tro lle d  b u rn in g  of g ra s s  on a s m a l l  s c a le ; (8 ) p r e ­
v e n tio n  of t im b e r  h a rv e s t;  and (9 ) t ra n s lo c a t io n  of w ild  b u ffa lo  
f r o m  K o s h i T a p p u  W i ld l i f e  R e s e rv e  to  C h ita w a n  N a t io n a l P a r k .
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C H A P T E R  I  
IN T R O D U C T IO N
U n t i l  th e  f a l l  of the  R an a  r e g im e  in  1950 , m u c h  of th e  f o r m e r  
ra n g e  of N e p a l's  A s ia n  w i ld  b u ffa lo  w as  p re s e rv e d  as a consequen ce of 
the  m a la r ia l  th re a t  to  a l l  bu t a b o r ig in a l h u m an  in t ru d e r s . T h e  c o n s t i­
tu t io n a l m o n a rc h y  of the  la te  K in g  M a h e n d ra  re p la c e d  th e  R an a  r u le  and  
opened N e p a l to  long re s is te d  in flu e n c e s  of fo r e ig n e r s ,  in  p a r t ic u la r ,  
those f r o m  in d u s t r ia l ly  d e ve lo p ed  W e s te rn  N a tio n s . T o  an a g r ic u l ­
t u r a l ly  b ased  c u ltu re , the  lo w la n d  o r  t e r a i  ju n g le s  and g ra s s la n d s  
re p re s e n te d  a h ig h  p o te n tia l re s o u rc e  w h ic h  cou ld  be opened to  e x p lo i­
ta tio n  th ro u g h  W e s te rn  p es t c o n tro l te c h n o lo g y . T h e s e  lo w la n d s  
c o n s titu te  the h a b ita t o f fau n a  c h a r a c te r is t ic  o f the  In d ia n  su b c o n tin e n t.
D u r in g  the e a r ly  1 9 5 0 's , d e v e lo p m e n t of th e  t e r a i  began  w ith  a  
U .S .A .  -a id e d  m a la r ia  e ra d ic a tio n  p r o g ra m  (S te r l in g  1 9 76 ). T h e  
success of th is  p ro je c t  c o m b in ed  w ith  a d v e rs e  c l im a t ic  co n d itio n s  in  
the m oun ta inous  a g r ic u l tu r a l  a re a s  to  th e  n o rth  b ro u g h t an in f lu x  of 
a g r a r ia n  s e t t le r s .  N e p a l's  g o v e rn m e n t, a d v is e d  by the U S A ID  M is s io n ,  
a c t iv e ly  p ro m o te d  s e tt le m e n t and c u lt iv a t io n  o f th e  in n e r  t e r a i  in  c e n tr a l  
N e p a l n e a r  w h at is  now C h itayran  N a t io n a l P a r k  (S p ille t t  and T a m a n g  
1 9 6 6 ). In  e a s te rn  N e p a l, la n d le s s  re fu g e e s  a r r iv e d  f r o m  In d ia 's  B ih a r
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State  and fo r m e r  E a s t P a k is ta n  (B a n g la d e s h ) in  a d d itio n  to  the s e t t le rs  
d escen d in g  f r o m  N e p a l's  m o u n ta in s .
B y  1959 , th e  d e le te r io u s  e n v iro n m e n ta l im p a c t of u n re s tr ic te d  
s e tt le m e n t w as obvious to  th e  g o v e rn m e n t, and b y  1 963 , a r e g u la to r y  
c o m m is s io n  was e s ta b lis h e d  to  c o u n te r the  d e s tru c t iv e  fo rc e  of t e r a i  
d e v e lo p m e n t (S p ille tt  and T a m a n g  1 9 6 6 ), E f fo r ts  of th is  c o m m is s io n  
w e re  assu m ed  by the  F o r e s t  M in is t r y  and c o n tin u e  to  th e  p re s e n t .
In  sp ite  of g o v e rn m e n ta l e ffo r ts  to  c o n tro l the in flu x  of t e r a i  
s e t t le r s ,  w ild  b u ffa lo  s u ffe re d  d r a m a t ic a l ly .  I  found no e v id e n c e  to  
su p p o rt S e s h a d r i's  (1 9 69 ) c o n te n tio n  th a t w i ld  b u ffa lo  o c c u r re d  in  f a r  
w e s te rn  N e p a l, but th e y  ra n g e d  w e s t to  the  N a ra y a n i (G a n d a k i) R iv e r  in  
c e n tr a l N e p a l as la te  as 1969 (A . L a u r ie  and J . L e h m k u h l, p e rs o n a l  
c o m m u n ic a tio n ). S e id e n s tic k e r  (1 9 7 5 ) a t t r ib u te d  e x te rm in a t io n  of th e  
b u ffa lo  in  the N a ra y a n i V a l le y  to  " h a b ita t  a lte r a t io n  th ro u g h  th e  a g r i ­
c u ltu ra l d e v e lo p m e n t p r o g ia m  and d is e a s e s  c o n tra c te d  f ro m  d o m e s tic  
l iv e s to c k  . . . . " P o a c h in g  b y  r e c e n t ly  s e tt le d  im m ig r a n ts  f r o m  the  
m o u n ta in s , who had no re lig io u s  b ia s  a g a in s t m e a t c o n s u m p tio n , 
c e r ta in ly  c o n tr ib u te d  to  the  d e c lin e  o f b u ffa lo  in  th e  C h ita w a n  a r e a .
F r o m  th e  N a ra y a n i e a s tw a rd  to  A s s a m , w i ld  b u ffa lo  w e re  
e x te rm in a te d  f r o m  the  t e r a i  w ith  th e  s in g le  e x c e p tio n  o f the  S a p ta -K o s h i  
R iv e r  F lo o d p la in  in  e a s te rn  N e p a l. A s few  as 100 in d iv id u a ls  s u rv iv e d  
in  th is  a r e a  b y  1945 (L o h a n i 1945 , in  B lo w e r  1 9 7 1 ), and th e  to ta l had  
d e c lin e d  to an e s tim a te d  4 0 -6 0  by 1975 (P o p p le to n  1 9 7 5 ). A lte ra t io n  of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
lo c a l v e g e ta tio n  and p h y s io g ra p h y  b y  hu m ans and liv e s to c k , p o ac h in g , 
and d o m e s t ic - t r a n s m it te d  c a tt le  d is e a s e  a l l  ac co u n ted  fo r  th e  d e c lin e .
T h e  p ro s p e c t of p re s e rv in g  N e p a l's  la s t  know n p o p u la tio n  of 
w ild  b u ffa lo  s u rfa c e d  in  1970 w hen e s ta b lis h m e n t o f K o s h i T a p p u  W i ld ­
l i f e  R e s e rv e  w as p ro p o s e d . T h e  p ro p o s ed  R e s e rv e  w as in ten d ed  to  
p r e s e r v e  the  e x is t in g  p o p u la tio n  so i t  could  s e rv e  as a s o u rc e  o f w ild  
b u ffa lo  fo r  re - in t ro d u c t io n  in to  C h ita w a n  N a tio n a l P a r k .
In i t ia l ly ,  th is  s tudy  w as in ten d ed  to  p ro v id e  a data  b a se  fo r  
th e  p ro p o s ed  tra n s lo c a t io n  o f b u ffa lo . K n o w le d g e  of p o p u la tio n  
n u m b e rs , a g e -s e x  and s o c ia l c o m p o s itio n , and s e a s o n a l d is tr ib u t io n  
p a tte rn s  w as of p r im a r y  im p o rta n c e  i f  a g rou p  of b u ffa lo  w as to  be  
c a p tu re d  and m oved  to C h ita w a n  N a tio n a l P a r k .  F o llo w in g  p o s tp o n e ­
m e n t o f th e  tra n s lo c a t io n  p ro je c t , the  s tu d y  w as expanded to  in c lu d e  
a s p e c ts  of b u ffa lo  e co lo g y  p e r t in e n t  to  c o n s e rv a tio n  o f the  s p e c ie s  at 
K o s h i T a p p u  as sugg ested  b y  de Vos (1 9 6 9 ). T h e s e  asp ects  in c lu d e d  
in te ra c t io n s  w ith  d o m e s tic  liv e s to c k , use of a g r ic u l tu r a l  c ro p s , h a b ita t  
u t i l iz a t io n  w ith  re s p e c t to  m e a s u re s  of v e g e ta t iv e  d e n s ity , and causes  
of m o r ta l i t y .
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L o c a tio n
K o s h i T a p p u  W i ld l i fe  R e s e rv e  is lo c a te d  in  th e  t e r a i  of s o u th ­
e a s te rn  N e p a l b e tw een  2 6 ° 2 5 ' N  and 2 6 ° 4 5 ' N  la t itu d e  and 8 6 °5 0 ' E  
and 87° 10' E  lo n g itu d e  w ith in  S a p ta r i D is t r ic t ,  K o s h i Z o n e  (F ig . 1 ). 
T h e  R e s e rv e  is  re c ta n g u la r , a p p ro x im a te ly  2 3 .7  k m  lo n g  and 9. 3 k m  
in  m ean  w id th , and ro u g h ly  2 2 0 .4  km ^ in  s u r fa c e  a r e a .  T h e  lo n g  a x is  
is  o r ie n te d  N N E -S S W , p a r a l le l  to  the  flo w  of th e  S a p ta -K o s h i R iv e r  and  
extends n o rth w a rd  24 k m  f r o m  the  N e p a l- In d ia  b o r d e r .  T h e  R e s e rv e  
is  on th e  f lo o d p la in  of the S a p ta -K o s h i R iv e r  a lo n g  th e  n o r th e rn  
b o u n d a ry  o f the In d o -G a n g e tic  P la in  w h e re  the  R iv e r  d is s e c ts  i n t r i ­
c a te ly  as i t  m e a n d e rs  s o u th w a rd  a c ro s s  th e  s lo p in g  B h a b a r  P la in  onto  
the  t e r a i .
T h e  B h a b a r , as d e s c r ib e d  by S ingh (1 9 7 1 ), is  a p ie d m o n t p la in  
of 10 to  15 km  w id th  ly in g  a d ja c e n t and p a r a l le l  to  the  s o u th e rn -m o s t  
H im a la y a n , o r  S iw a lik  R an g e . T h e  B h a b a r  is  o f m o d e ra te  s lo p e  and  
s o u th e r ly  a s p e c t. P e r m e a b i l i t y  is  h ig h  as i t  " is  co m p o sed  of 
u n a s s o rte d  d e b r is  f r o m  th e  H im a la y a . "
Im m e d ia te ly  south of th e  B h a b a r  l ie s  th e  t e r a i ,  a 15 to  30 k m
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F ig .  1 . M a p  o f N e p a l s h o w in g  s tu d y  a r e a  an d  m a jo r  t r ib u t a r ie s  o f  
th e  S a p ta -K o s h i R iv e r .
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w id e  p la in  of " f in e r  s e d im e n t, . . . e m e rg e n t and i l l  d e fin ed  w a te r  
c h a n n e ls , low  g ra d ie n ts , and a h ig h  w a te r  ta b le  (a fe w  to  5 m  be lo w  
th e  g ro u n d ). " S o ils  in  both  the  B h a b a r  and the  t e r a i  a r e  of Q u a te r n a ry  
o r ig in , com posed  o f c a lc a re o u s , c la y e y  a llu v iu m  (S ingh 1 9 7 1 ). W ith in  
th e  R e s e r v e , s o ils  a re  d o m in a te d  b y  sand and s i l t  com pon en ts  due to  
th e i r  im m e d ia te  p r o x im ity  to  th e  S a p ta -K o s h i R iv e r .
P h y s io g ra p h y
E le v a t io n  a t K o s h i T a p p u  ra n g e s  f r o m  75 .3  m  to  9 3 .0  m  
(K . B . S h re s th a , C h a tra  C a n a l I r r ig a t io n  P r o je c t ,  B ir a tn a g a r ,  N e p a l, 
p e rs o n a l c o m m u n ic a tio n ). R e s e rv e  to p o g ra p h y  is  f la t  w ith  an im p e r ­
c e p tib le  s o u th e r ly  as p e c t fo llo w in g  the  g ra d ie n t o f the  S a p ta -K o s h i 
R iv e r .
T h e  to p o g ra p h ic  fe a tu re s  o f g re a te s t  e c o lo g ic a l im p o r t  w e re  
c o n s tru c te d  by the  In d ia n -a id e d  K o s h i P r o je c t  to  c o n tro l i r r ig a t io n  and  
flo o d  w a te rs  (F ig .  2 ). T h e  e a s te rn  and w e s te rn  e m b a n k m e n ts  p a r a l le l  
th e  R iv e r ,  p re v e n tin g  la t e r a l  s p re a d  of m onsoon f lo w . T h e  e a s te rn  
and w e s te rn  e a r th e r n  d a m s , to g e th e r  w ith  th e  b a r r a g e  (d a m - l ik e  flo w  
c o n tro l g a te s ), c o n tro l f lo w  r a te .  T h e s e  s tru c tu re s  r is e  7 to  10 m  
above the  s u rro u n d in g  t e r r a in ,  a h e ig h t ad eq u a te  to  c o n ta in  flo o d  
w a te r ,  bu t not to in h ib it  m o v e m e n ts  of d o m e s tic  o r  w ild  a n im a ls .
D u r in g  the  s u m m e r  m onths  of p e a k  R iv e r  d is c h a rg e  (June to  
S e p te m b e r, F ig . 4 ) , a g r ic u l tu r a l  c o n s id e ra tio n s  in  In d ia  d ic ta te
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F ig ,  2 . K o s h i T a p p u  W i ld l i f e  R e s e r v e  s h o w in g  K o s h i P r o je c t  
s t r u c tu r e s  an d  r e s e a r c h  h e a d q u a r te r s .
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r e d u c t io n  o f f lo w  r a te  v ia  m a n ip u la t io n  of th e  b a r r a g e .  A  consequen ce  
is  r a p id , c o m p le te  in u n d a tio n  o f th e  R e s e r v e  to  depths ra n g in g  f r o m  
10 to  300  c m . F ig .  6 show s th e  h ig h e s t re c o rd e d  d ry -s e a s o n  d is ­
c h a rg e  d u rin g  th e  w in te r  o f 1969  (fo llo w in g  the  1968 m o n so o n ) w h ic h , 
com pou nded  b y  p a r t ia l  c lo s u re  o f th e  b a r r a g e ,  ac co u n te d  fo r  h e a v y  
lo s s e s  o f w i ld l i f e  and d o m e s tic  l iv e s to c k . W i ld  a n im a ls  w h ic h  escap ed  
d ro w n in g  b y  f le e in g  the  R e s e r v e  o v e r  th e  e a s te rn  e m b a n k m e n t w e r e  
k i l le d  b y  v i l la g e r s  in  a d ja c e n t a g r ic u l tu r a l  s e t t le m e n ts .
C lim a te
N e p a l's  c l im a te  is  m o n s o o n a l w ith  th re e  d is tin g u is h a b le  
seaso n s  in  the lo w e r  e le v a tio n s  of th e  e a s te rn  zo n es . S u m m e r is  a 
p e r io d  o f in ten se  h e a t and m in im a l p r e c ip ita t io n  (F ig .  3) la s t in g  f r o m  
F e b r u a r y  th ro u g h  M a y . D u r in g  the c o u rs e  of th e  s u m m e r , e a s te r ly  
w in d s  f r o m  the c e n t r a l  G a n g e tic  P la in  in c r e a s e  in  v e lo c ity  and d u ra t io n ,  
s u b je c tin g  fa llo w  and o v e r g ra z e d  a g r ic u l tu r a l  a re a s  to  s e v e r e -d e s ic -  
c a tio n . S im u lta n e o u s ly , w in te r  c ro p s  such as s u g a rc a n e  and w h e a t a r e  
h a rv e s te d  and t r a n s p o r te d  o v e r  un paved  ro a d s . T h e  subsequen t w in d  
e ro s io n  of f in e r  s o il  p a r t ic le s ,  a u g m e n te d  b y  s m o k e  f r o m  co o k in g  
f i r e s  fu e le d  b y  w ood and d r ie d  liv e s to c k  dung, o b s c u re s  th e  r e a l i t y  of 
m in im a l s u m m e r  c lo u d  c o v e r . T h e  lo w e r  a tm o s p h e re  is  fogged  b y  s i l t  
and s m o k e , and s u n lig h t in te n s ity  is  c o n s e q u e n tly  re d u c e d .
T h e  m onsoon b e g in s  d u rin g  la te  M a y  o r  e a r ly  June w ith
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F ig . 3. M ean  m o n th ly  p re c ip ita t io n  (m m ) and te m p e ra tu re  ( ° C )  fo r  
the p e r io d  1 9 59 -1 9 72  as m e a s u re d  a t C h a tra  S o il C o n s e rv a tio n  
R e s e a rc h  D e m o n s tra tio n  and T r a in in g  C e n te r , C h a tra , N e p a l.
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f re q u e n t  and o fte n  v io le n t  th u n d e r s to rm s . H o w e v e r , o v e r la n d  flo w  
t y p ic a l ly  b e g in s  la t e r  w ith  th e  s u s ta in e d  ra in s  of J u ly , P r e c ip ita t io n  
v o lu m e  p eaks  d u r in g  J u ly  and fa l ls  o ff r a p id ly  th ro u g h  S e p te m b e r.
S in ce  th e  d u ra tio n  o f th e  m onsoo n  in c re a s e s  e a s tw a rd  and th e  T a m u r  
R iv e r 's  h e a d w a te rs  (F ig .  1) l ie  on th e  w e s t fa c e  o f W e s t B e n g a l's  
K a n c h e n ju n g a , d is c h a rg e  of th e  S a p ta -K o s h i is  h ig h  lo n g  a f t e r  the  
m onsoo n  ra in s  h ave  ended in  N e p a l (F ig .  4 ) . T h e  S a p ta -K o s h i o fte n  
does no t r e tu r n  to  its  d r y  s easo n  b an ks  u n ti l la te  O c to b e r . M o n so o n  
s k ie s , u n p o llu te d  b y  dust and s m o k e , a r e  ty p ic a l ly  o v e rc a s t  fo r  
s e v e r a l  days  on end, and r e la t iv e  h u m id ity  is  h ig h .
W in te r  is  a se as o n  of u n c lo u d ed  s k ie s  and m o d e r a te ly  c o o l 
te m p e ra tu r e s  f r o m  O c to b e r  th ro u g h  J a n u a ry . V e g e ta t io n  is  lu s h  
fo l lo w in g  th e  m onsoo n  and re m a in s  so th ro u g h  th e  b e g in n in g  of s u m m e r  
in  e a r ly  F e b r u a r y .  M o d e r a te ly  h ig h  r e la t iv e  h u m id ity  and lo w e r  
a m b ie n t te m p e r a tu r e  c o m b in e  to  cau se  th e  h e a v y  d e w fa ll  c h a r a c te r is t ic  
o f w in te r .
M e a n  m o n th ly  t e m p e r a tu r e ,  p r e c ip ita t io n , and r e la t iv e  
h u m id ity  a t a m o n ito r in g  s ta tio n  a t C h a tr a , N e p a l, 21 k m  n o rth  of 
K o s h i T a p p u  W i ld l i f e  R e s e r v e , a r e  show n g r a p h ic a l ly  in  F ig .  3 
(C o n s o lid a te d  P r o g re s s  R e p o r t  o f the  S o il C o n s e rv a tio n  R e s e a rc h  and  
D e m o n s tra t io n  T r a in in g  C e n te r ’, C h a t r a ,  N e p a l 1 9 5 7 -1 9 7 2 ) .
P r e c ip ita t io n  a t C h a tra  is  m o re  fre q u e n t and of g r e a te r  
v o lu m e  th a n  a t K o s h i T a p p u , due to  h ig h e r  e le v a tio n  at C h a tra  (200  m )
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F ig .  4 , A v e r a g e  o f m o n th ly  m e a n  d is c h a r g e  f r o m  1 9 6 5  th ro u g h  1 9 7 5 , 
s h o w in g  ra n g e  o f m e a n  d is c h a rg e .
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and in c r e a s e d  o ro g ra p h ic  p r e c ip i ta t io n  r e s u lt in g  f r o m  th e  " r a in s c r e e n "  
e ffe c t  o f th e  fo o th il ls  im m e d ia te ly  to  th e  n o rth  (S ta in to n  1 9 7 2 ). H o w ­
e v e r ,  th e  s e a s o n a l p r e c ip i ta t io n  tre n d s  a r e  e q u a lly  a p p lic a b le  to  K o s h i  
T a p p u .
T h e  S a p ta -K o s h i R iv e r
T h e  G ang es is  fe d  b y  th r e e  m a jo r  H im a la y a n  r i v e r  s y s te m s  as  
i t  f lo w s  a c ro s s  n o r th e r n  In d ia  to w a rd  th e  B a y  of B e n g a l: (1 ) th e
G a n d a k i R iv e r  in  the  w e s t; (2 ) th e  c e n t r a l  B u r h i-G a n d a k i;  and (3 ) th e  
S a p ta -K o s h i in  th e  e a s t. T h e  S a p ta -K o s h i w as d e s c r ib e d  b y  S ingh  
(1 9 7 1 ) as  " th e  's o r r o w ' o f B ih a r  and  th e  w i ld e s t  and m o s t d e v a s ta t iv e  
o f th e  In d ia n  r iv e r s .  " H e a d w a te rs  o f th e  S a p ta -K o s h i R iv e r  (S even  
R iv e r s )  c o n v e rg e  a t T r ib h e n i ,  26 k m  u p s tre a m  f r o m  th e  R e s e r v e .  T h e  
th r e e  m a jo r  t r ib u ta r ie s  o f th e  S a p ta -K o s h i, th e  Sun K o s h i to  th e  w e s t,  
th e  A  ru n  to  the  n o rth , and th e  T a m u r  R iv e r  to  th e  e a s t, d r a in  an  a r e a  
of 5 9 ,5 7 0  k m ^ , 45 p e rc e n t  o f w h ic h  l ie s  in  T ib e t  (C h a tra  S o il C o n s e r ­
v a t io n  R e s e a rc h  and D e m o n s tr a t io n  T r a in in g  C e n te r ,  C h a tr a ,  N e p a l) .  
T h e  T a m u r ,  and p a r t ic u la r ly  th e  A r u n , d e scen d  r a p id ly  f r o m  o v e r  
7 ,0 0 0  to  100 m  a t t h e i r  c o n flu e n c e . T h is  s te e p  g ra d ie n t  a b r u p t ly  
b re a k s  a t the  fo o t o f th e  S iw a lik s  w h e re  th e  n e w ly  fo r m e d  S a p ta -K o s h i  
e n te rs  th e  p la in s . A s  n o ted  b y  A h m a d  ( in  S ingh  1 9 7 1 ),
. . . th e r e  is  no s u f f ic ie n t  sp ac e  f o r  th e  r i v e r  to pass g r a d u a lly  
th ro u g h  th e  s ta g e s  o f g ra d in g , m a tu r i t y  and  a g g ra d in g  o ld  a g e .
I le  to , a f t e r  the  im p e tu o s ity  of y o u th , th fu c  is  a sudden c o n s t r ic ­
tio n  o f th e  advanc:ed a g ( \  u sudden  le a p  fr om  tlic; d e g ra d e d  to  th e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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a g g ra d e d  s ta g e  w ith  no g ra d e d  i n t e r v a l - - a  sudden  change f r o m  th e  
young v a l le y  in  th e  m o u n ta in s  to  the d e lta ic  s ta g e  o f b u ild in g  and  
u n c e r ta in  s h u ff le  in  th e  p la in s . T h is  is  th e  m o s t c r i t i c a l  fe a tu r e  
in  th e  [p e c u lia r ]  c h a r a c te r  of th e  K o s h i.
M e a n  d is c h a rg e  d a ta  f o r  m onsoo ns (June th ro u g h  S e p te m b e r)
and d r y  seaso n s  (J a n u a ry  th ro u g h  A p r i l )  fo r  an 1 1 - y e a r  p e r io d  (1 9 6 5
th ro u g h  1 9 75 ) a r e  p re s e n te d  in  F ig s .  5 and 6 , r e s p e c t iv e ly .
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F ig .  5 . A v e r a g e  o f J u n e  th r o u g h  S e p te m b e r  m a x im u m ,  m in im u m ,  
a n d  m o n th ly  m e a n  d is c h a r g e  ( 1 9 6 5 - 1 9 7 5 )  a s  m e a s u r e d  a t  C h a t r a ,  
N e p a l .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
oo
10u(U
3u
(Ü
cn
fU
ulO
300
80
60
40
20
200
60
40
20
100
80
60
40
20
71 72 73 74 756866
Year
Maximum D is c h a r g e  
Mean D i s c h a r g e  
M in i  mum U i schargc;
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F i g .  6 . A v e r a g e  o f J a n u a r y  th r o u g h  A p r i l  m a x im u m ,  m in im u m ,  an d  
m o n th ly  m e a n  d is c h a r g e  ( 1 9 6 5 - 1 9 7 5 )  a s  m e a s u r e d  a t  C h a t r a ,  N e p a l .
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C H A P T E R  I I I  
M A T E R IA L S  A N D  M E T H O D S
L o c a tio n  and O b s e rv a tio n
F ie ld  in v e s tig a tio n s  w e re  h e a d q u a rte re d  a t the  K o s h i T ap p u  
W ild l i fe  R e s e rv e  O ff ic e  d u r in g  the m onsoon and a t th e  p r iv a te  re s id e n c e  
of the L o h a n i fa m i ly  w ith in  the  R e s e rv e  d u rin g  a l l  o th e r  seasons  
(F ig . 2 ) .
W ild  b u ffa lo  w e r e  lo c a te d  f r o m  e le p h a n t-b a c k , t r e e - to p ,  and  
ground le v e l.  A f te r  b u ffa lo  w e re  lo c a te d , p ro lo n g e d  o b s e rv a tio n s  w e re  
m ad e o n ly  f ro m  the  g rou nd  o r  tre e to p s . D o m e s tic  e lep h an ts  w e r e  not 
s u ita b le  as o b s e rv a tio n  to w e rs  b ecau se  of th e ir  in c e s s a n t m o v e m e n t  
w h ic h  p re c lu d e d  e ff ic ie n t  use o f b in o c u la rs , and the  d is tu rb in g  e ffe c t  
th e y  had on w ild  b u ffa lo  b e h a v io r , ty p ic a lly  e l ic i t in g  a le r t  o r  escap e  
re s p o n s e s . In d iv id u a ls  w e re  re c o g n iz e d  b y  un ique m o rp h o lo g ic a l  
c h a ra c te rs  such as h o rn  s iz e  and c o n fig u ra tio n , and p e la g e  c o lo ra t io n  
p a tte rn s .
B u ffa lo  lo c a tio n s  w e re  re c o rd e d  a t d is c re te  h a lf-h o u r  in te r v a ls  
and p lo tte d  on a 0 .2 5  x 0 .2 5  k m  g r id  o v e r la y  o f a s k e tc h -m a p  of the  
R e s e rv e . S im u lta n e o u s ly , h a b ita t u t i l iz a t io n  w as q u a n tif ie d  a c c o rd in g  
to  the fo llo w in g  s ix  p a r a m e te r s :  1) v e g e ta t iv e  c o v e r  type; 2) v e g e ta t iv e
16
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c o v e r  d e n s ity ; 3) e x p o s u re  to  s u n lig h t;  4 ) in te n s ity  o f h u m a n  d is t u r ­
b a n c e ; 5) p r o x im it y  to  a g r ic u l tu r e ;  and  6) a c t iv i t y  p a t te rn s . W h en  
d ir e c t  v is u a l o b s e rv a t io n  w as  p re c lu d e d  b y  d a rk n e s s  o r  dense v e g e ta ­
t io n , a c t iv i t y  p a tte rn s  and lo c a tio n s  w e r e  d e te rm in e d  b y  th e  c h a r a c t e r ­
is t ic  sounds of a c t iv i t ie s  such as fe e d in g , r e s t fu l  b re a th in g , w a llo w in g ,  
and  lo c o m o tin g .
A g e  and Sex C la s s if ic a t io n
C r i t e r i a  used  fo r  ag e  c la s s if ic a t io n  o f w i ld  b u ffa lo  in  th is  
s tu d y  (T a b le  1) w e r e  a d a p te d  f r o m  E is e n b e rg  and L o c k h a r t  (1 9 7 2 ). 
A lth o u g h  d e v e lo p ed  fo r  c la s s if ic a t io n  o f A s ia n  b u ffa lo  in  S r i  L a n k a , 
th e s e  c r i t e r i a  w e r e  w e l l  s u ite d  fo r  use in  N e p a l.
Sex c la s s if ic a t io n  w a s  r e l ia b le  fo r  a l l  b u t th e  c a lf  age c la s s  
on th e  b a s is  of r e a d i ly  re c o g n iz a b le  fe a tu r e s  o f e x te r n a l m o rp h o lo g y .  
A d u lts  w e r e  s exe d  on th e  b a s is  o f e x te r n a l g e n ita l ia ,  r e la t iv e ly  s h o r te r  
h o rn s  o f la r g e r  b a s a l c ir c u m fe r e n c e  in  b u lls ,  and  r e la t iv e ly  g r e a te r  
n e c k  c ir c u m fe r e n c e  in  p r o p o r t io n  to  bo dy and  h ead  s iz e  in  b u lls .  S u b ­
a d u lt sexes  w e r e  d is t in g u is h e d  a c c o rd in g  to  e x te r n a l  g e n ita l ia  and  
r e la t iv e  n e c k  c ir c u m fe r e n c e .  J u v e n ile s  and c a lv e s  co u ld  o n ly  be  s e x e d  
b y  e x te r n a l  g e n ita l ia ,  and w h en  th a t w as  not p o s s ib le , b y  o b s e rv in g  
in d iv id u a ls  d u r in g  u r in a t io n .
V e g e ta t io n  T y p in g
Tn o rd e r ' to  c o r i  e la te  b u ffa lo  n io v t'n ie n ts  and a c t iv i ty  w ith
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T a b le  1. A g e  c la s s if ic a t io n  c r i t e r i a  f o r  w i ld  A s ia n  b u ffa lo  (a d a p te d  
f r o m  E is e n b e r g  and L o c k h a r t  1 9 7 2 ).
A g e  c la s s
A g e  
(m o n th s  ) D is t in g u is h in g  c h a r a c te r s
C a l f  (C ) 0 -6 a b s e n c e  o f h o rn s ; c r e a m  to  fa w n  
c o lo ra t io n  w ith  c o n s p ic u o u s ly  l ig h t  
fe t lo c k s , eye  r in g s , and b r is k e t  and  
n e c k  s t r ip s ;  lo n g , s h a g g y  co a t
J u v e n ile
C la s s  1 ( J l ) 6 -1 2 h o rn  le n g th  le s s  th a n  15 cm ; co a t  
d a r k e r  ( r e d d is h -b ro w n )  and no  
lo n g e r  sh ag g y
C la s s  2 (J 2 ) 1 2 -1 8 h o rn  le n g th  1 5 -3 0  cm ; r e d d is h -b r o w r  
c o a t re ta in e d  b u t l ig h t e r  in  c o lo r
S u b a d u lt (SA ) 1 8 -2 4 h o rn s  lo n g e r  th an  30 c m  but s h o w in g  
no s e c o n d a ry  c u rv e ; co a t s h o r t  and  
g r e y  in  c o lo r
A d u lt  (A ) 24  + h o rn s  show  s e c o n d a ry  c u rv e ;  
fe m a le s  m a y  be w ith  c a lf
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d if fe r e n t  v e g e ta t iv e  a s s o c ia t io n s , I  d e s c r ib e d  h a b ita t  ty p e s  a c c o rd in g  
to  c r i t e r i a  p ro p o s e d  b y  M u e l le r - D o m b o is  (1 9 7 0 , in  E is e n b e r g  and  
L o c k h a r t  1 9 7 2 ). F o r e s t  c o v e r  ty p e s  in c lu d e d  co n tin u o u s  and d is ­
c o n tin u o u s  c a n o p y  fo r e s ts  o v e r  3 m  in  h e ig h t w h ic h  had s c ru b  and  
h e rb a c e o u s  u n d e rs to r y  ra n g in g  f r o m  r e la t iv e ly  open (d F [S c ] = d en se  
fo r e s t  w ith  l ig h t  s c ru b )  to  im p e n e tr a b le  (d F S c  = d en se  fo r e s t  w ith  
d en se  s c r u b ) .  F o r e s t - s c r u b  c o v e r  ty p e s  (m F -S c  = m ix e d  lo w  fo r e s t  
and s c ru b )  w e r e  c h a r a c te r iz e d  b y  a  can o p y  of le s s  th a n  3 m  h e ig h t and  
an h e rb a c e o u s  g ro u n d  c o v e r  ra n g in g  f r o m  open (lo w  g r a s s e s )  to  d en se  
(S a c c h a ru m  spp . and T y p h a  e le p h a n tin a ). H e rb a c e o u s  c o v e r  in c lu d e d  
g ra s s e s , h e rb s , and  fo r b s ,  in  s h o r t  (s G ) o r  t a l l  g ra s s la n d  (tG ) ty p e s .  
A g r ic u l t u r a l  c ro p s  w e r e  ad d ed  as a c o v e r  ty p e  b e c a u s e  b u ffa lo  u t i l i z a ­
t io n  o f c ro p s  w as  h ig h  d u r in g  th e  w in te r  and m o n s o o n .
C o v e r  D e n s ity
T w o  te c h n iq u e s  w e r e  u sed  to  d e s c r ib e  c o v e r  d e n s ity  in  a r e a s  
u t i l iz e d  b y  b u ffa lo . O b s c u r i ty  o f h o r iz o n ta l  v is io n  w a s  d e te r m in e d  as  
a fu n c tio n  o f c o v e r  d e n s ity  in  an  e f fo r t  to  r e la t e  b u ffa lo  h a b ita t  s e le c t io n  
to  f r e q u e n t  d is tu rb a n c e  b y  h u m a n s  and d o m e s tic  l iv e s to c k . A  " d e n s ity  
b o a rd "  w a s  c o n s tru c te d  fo l lo w in g  W ig h t (1 9 3 8 ) w ith  th e  fo l lo w in g  
a lte r a t io n s :  1) h e ig h t in c r e m e n ts  w e r e  m a d e  a t 30 c m  in te r v a ls ;
2 ) th e  n u m b e r  s e q u e n c e  w as  1 - 2 - 4 - 4 - 2 - 1  in  o r d e r  to  q u a n t ita t iv e ly  
e m p h a s iz e  h e ig h ts  ab o ve  g ro u n d  le v e l  m o s t c r i t i c a l  to  s ta n d in g  and
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s t e r n a l ly  re c u m b e n t  b u ffa lo ;  and 3 ) w id th  o f th e  b o a rd  m e a s u r e d  12 c m .  
P r o c e d u r e  fo l lo w e d  p r e s c r ib e d  m e th o d s  e x c e p t th a t th e  d e n s ity  b o a rd  
w a s  r e a d  f r o m  20 m  r a t h e r  th a n  f r o m  66 f e e t .  R e a d in g s  w e r e  m a d e  
on p lo ts  o f v a r io u s  d im e n s io n s , d e p e n d in g  on th e  s iz e  o f th e  c o v e r  
ty p e  u n d e r  in v e s t ig a t io n . A  n o r th -s o u th  g r id  w a s  u s e d , and  re a d in g s  
w e r e  ta k e n  a t 2 m  (p a c e d ) in te r v a ls  a lo n g  th e  E - W  a x is .  R e a d in g s  
w e r e  a lw a y s  ta k e n  w ith  th e  r e a d e r  fa c in g  s o u th .
In te r c e p t io n  o f s o la r  r a d ia t io n  w a s  d e te r m in e d  as a fu n c t io n  
o f c a n o p y  c o v e r  (S a th e r  1 9 5 0 ) in  o r d e r  to  a s s e s s  th e  im p a c t  o f 
t e m p e r a tu r e  s t re s s  on b u ffa lo  h a b ita t  u t i l iz a t io n .  A  W e s to n  U n i ­
v e r s a l  l ig h t  m e te r ,  m o d e l # 7 0 3 , w a s  m o u n te d  on an a lu m in u m -p a in te d  
w o o d e n  f r a m e  a c c o rd in g  to  s p e c if ic a t io n s , e x c e p t th a t  2 0 -c m  
d im e n s io n s  w e r e  s u b s t itu te d  w h e r e  8 - in c h  d im e n s io n s  w e r e  s p e c if ie d .
S a m p le  p lo ts  o f v a r io u s  s iz e s ,  d e p e n d in g  upon th e  e x te n t  o f 
th e  c o v e r  ty p e , w e r e  d e m a rc a te d  on a  1 .0  x  1 .0  m  g r id .  G r id  a x e s  
w e r e  o r ie n te d  N -S  an d  E - W .  D u e  to  b u d g e t c o n s tr a in ts ,  o n ly  one  
m e te r in g  d e v ic e  w a s  u s e d . A f t e r  e v e r y  10 r e a d in g s  ta k e n  in  th e  s a m p le  
p lo t  (u n d e r  v e g e ta t iv e  c o v e r ) ,  one r e a d in g  w a s  ta k e n  in  f u l l  s u n lig h t .  
In d iv id u a l e x p e r im e n ta l  re a d in g s  w e r e  th e n  d iv id e d  b y  th e  c o r re s p o n d in g  
f u l l  s u n lig h t  o r  c o n tr o l  re a d in g  in  o r d e r  to  a s s ig n  a  m e a n  s u n lig h t  in d e x  
to  e a c h  c o v e r  ty p e . W h e n  p la c in g  th e  m e te r in g  a p p a ra tu s  d u r in g  
s a m p lin g , th e  lo n g  a x is  o f th e  m e t e r  w a s  a lw a y s  o r ie n te d  a lo n g  th e
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N -S  com pass b e a r in g  w ith  the sq u are  end of the m e te r  p o in tin g  to w a rd  
0° (the  rounded end to w a rd  1 8 0 ° ) . E v e r y  a tte m p t w as m ade to p lace  
th e  a p p ara tu s  p e r fe c t ly  le v e l and on the  ground, at each s a m p le  po int 
w ith o u t d is tu rb in g  o verh an g in g  and su rro u n d in g  v e g e ta tio n . T h es e  
p re c a u tio n s  w e re  tak en  to  m in im iz e  s a m p lin g  e r r o r  as the lig h t m e te r  
w as v e r y  s e n s itiv e  to both d ire c tio n  of o r ie n ta tio n  and d eg ree  of t i l t in g .
In  ad d itio n  to  the above, b u ffa lo  lo ca tio n s  w e re  des ign ated  as 
one of th re e  g ro s s  su n lig h t exp o su re  types to  d iv id e  a c t iv ity  p a tte rn s  
on d ie l v s . n o c tu rn a l and su n lig h t v s . shade bases: 1) d a rk  = a f te r
sunset and b e fo re  s u n ris e ; 2) d ire c t  = in  c o m p le te ly  unobscured s u n ­
lig h t; and 3) in d ire c t  = un der continuous, b ran ch ed  canopy d u rin g  
d a y lig h t.
A g r ic u ltu r a l  C ro p  Use
P r o x im ity  of w ild  b u ffa lo  to  a g r ic u ltu ra l c ro p s  was d e te rm in e d  
in d ir e c t ly  by m e a s u rin g  m ap d istance  f ro m  p lo tted  b u ffa lo  lo ca tio n s  to  
known a g r ic u ltu r a l f ie ld s . F a llo w  fie ld s  w e re  co n s id e re d  c ro p  a re a s  
in  o rd e r  to  assess  the d e g re e  to w h ich  w ild  b u ffa lo  h a b ita t p re fe re n c e ,  
m o v e m e n ts , and food hab its  w e re  re la te d  to  a v a i la b il i ty  of a g r ic u ltu ra l  
food s o u rc e s .
D ata  a n a ly s is  re v e a le d  in c re a s e s  in  m ean  d istances  of b u ffa lo  
lo c a tio n s  f ro m  a g r ic u ltu r a l  c ro p s  p a ra lle le d  by co rres p o n d in g  
in c re a s e s  in  v a r ia n c e s , and s ig n if ic a n tly  d if fe re n t v a r ia n c e s  b etw een  
s a m p le s . In  an a tte m p t to  fa c i l i ta te  co m p a ris o n s  betw een  s a m p le s , 
data  w ei-e t ia n s fo i m ed by a ln (x  + l )  tra n s fo rm a tio n  (P o o le  1974 ).
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C H A P T E R  IV
R E S U L T S  A N D  D ISC U SS IO N
S o c ia l Groups
E stes  (1974) s ta ted  that " T h re e  s o c ia l c lasses  a re  u n iv e rs a l 
in  g re g a rio u s  bovids: n u rs e ry  h erds  (fem a les  w ith  o r  w ithout young); 
b a c h e lo r (a l l -m a le )  h erd s  and s o li ta r y  adu lt m a le s . " Am ong the non­
t e r r i t o r ia l  B ov inae , n u rs e ry  h erds  include adu lt m a les  and w e re  c a lle d  
m ix ed  h erd s  by E s tes  (1 9 74 ). W h e re  m u ltip le  adult m a le s  w e re  
in te g ra te d  into m ixe d  h e rd s , S c h a lle r  (1967) o b served  es tab lish m en t 
of a m a le  dom inance h ie ra r c h y  in w h ich  ra n k  w as d e te rm in e d  by  
in d iv id u a l body s iz e . O c c u rre n c e  of m u ltip le  adu lt m a les  w ith in  m ixed  
h erds  w as not o b served  in  N e p a l, a lthough it  was com m on in A fr ic a n  
b u ffa lo  (S in c la ir  197 7) and in  A s ian  b u ffa lo  in A ssam  (U llr ic h  1966). 
H o w e v e r, dom inance of an in d iv id u a l m ix e d -h e rd  b u ll was challenged  
at K osh i Tappu by a s o li ta r y  adult b u ll, in d ic a tin g  ex is ten ce  of a 
dom inance re la tio n s h ip  w hich  excluded a l l  but the m ost dom inant adult 
b u ll fro m  the m ix e d  h e rd .
M ix e d  h e rd s . T h e  ex is ten ce  of m ixed  o r  co w -h erd s  as a 
d is tin c t s o c ia l e n tity  w ith in  A s ia n  b u ffa lo  populations was docum ented  
by s e v e ra l au tho rs  (U llr ic h  1966, S p ille tt 1966, T u llo c h  1969, and
9‘>
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E is e n b e rg  and L o c k h a rt 1972). A  m ix e d  h e rd  is  a cohesive aggregate  
of fa m ily  un its , d e s c rib e d  by T u llo c h  (1969) as a cow and s e v e ra l  
g en era tio n s  of h e r  o ffs p rin g , and a s in g le  adu lt b u ll. Ju ven ile  and 
y e a r lin g  b u lls  a re  p a r t  of the m ixe d  h e rd  but a re  ty p ic a lly  o s tra c iz e d  
at the a tta in m en t of se xu a l m a tu r ity  by the adu lt b u ll.
The  tw o m ixe d  h erd s  at K osh i Tappu (H erd s  #2 9 and #11) 
consis ted  of one m a tu re  b u ll, s e v e ra l (4 to 15) m a tu re  cows, and fo u r  
d is tin g u ish ab le  im m a tu re  age c lasses  of both sexes . In  co n tras t to 
f e r a l  A s ian  b u ffa lo  in  A u s tra lia  (T u llo c h  1970), an adult b u ll a c c o m ­
panied  m ixed  h erd s  throughout the nonbreed ing  season. A dd ition  of a 
young but m a tu re  b u ll to  the m ixe d  h e rd  as noted by U llr ic h  (1966) in  
A s s a m 's  K a z ira n g a  N a tio n a l P a rk  was not seen at K osh i Tappu. H e rd  
sizes  ranged fro m  9 to 3 7 in d iv id u a ls . W ith in  the m ixed  h e rd s , fa m ily  
units w e re  co m p rise d  of up to  th re e  g en era tio n s  of p re s u m a b ly  l in e -  
b red  o ffsp rin g  of the h e rd  b u ll.
M ixed  herds w e re  h ig h ly  cohesive on both d ie l and seasonal 
bases. M ovem ents  of in d iv id u a ls  betw een m ixed  h erds  w e re  not 
ob served . O b served  dev ia tio ns  fro m  known h erd  s izes  w e re  a t t r ib u t ­
ab le  e ith e r  to te m p o ra ry , independent w a n d erin g  of h e rd  b u lls  o r  to  
in fre q u en t, s h o rt-d u ra tio n  in te rm in g lin g  of do m estic  w ith  w ild  h e rd s . 
A lthough to le ra n t of c lose contact w ith  d o m estic  liv e s to c k  (dom estic  
b u ffa lo  in  p a r t ic u la r ) ,  m ixed  h erd s  of w ild  b u ffa lo  w e re  im p e rm e a b le  
to  t l ie i f  w ild  c o n s p e c ilic s . O onsequently , I pr esum e that only m ix e d -
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h e rd  b u lls  w e re  re p ro d u c t lv e ly  a c tiv e , and o n ly  w ith  cows in  the h erd s  
w ith  w h ic h  th e y  a s s o c ia te d .
B a c h e lo r  h e rd s . T h e  fo rm a tio n  of b a c h e lo r  h e rd s  was docu­
m en ted  fo r  A s ia n  b u ffa lo  in  A u s tra l ia  b y  T u llo c h  (1969 and 1970), in  
S r i  L a n k a  b y  E is e n b e rg  and L o c k h a rt (1 9 7 2 ), and fo r  A fr ic a n  b u ffa lo  b y  
S in c la ir  (1 9 7 7 ). In  those s tu d ie s , b a c h e lo r  h erd s  flu c tu a te d  in  s iz e  
s e a s o n a lly . D u r in g  the b re e d in g  season , in c re a s e d  a g o n is tic  b e h a v io r  
am ongst h e rd  m e m b e rs  re s u lte d  in  d e c re a s e d  h e rd  s iz e . F o llo w in g  
the b re e d in g  season , d e c re a s e d  a g o n is tic  b e h a v io r  accounted fo r  
g re a te r  b a c h e lo r  h e rd  co h es iven ess  and in c re a s e d  h e rd  s ize  as young  
m a le s  le f t  m ix e d  h e rd s  to  jo in  b a c h e lo r  h e rd s . B a c h e lo rs  co n stitu ted  
a g r e a te r  p ro p o rtio n  of the  p o p u la tio n  d u rin g  the d r y  season than at 
o th e r  t im e s  as m o re  young m a le s  le f t  m ix e d  h e rd s  to jo in  b a c h e lo r  
h e rd s .
Upon re a c h in g  s e x u a l m a tu r i ty  (2 -3  y e a r s ) ,  subadu lt m a le s  at 
K o sh i T ap p u  w e re  d r iv e n  f ro m  m ix e d  h e rd s  by ad u lt b u lls . T h is  w as  
seen tw ic e  d u rin g  th is  s tu d y . D u r in g  the la te  1975 d ry  season (18 June), 
one 2 | - y e a r - o ld  m a le  w as d r iv e n  f r o m  m ix e d  H e rd  #29 b y  the ad u lt 
h e rd  b u ll. T h e  young b u ll m a y  have jo in e d  b a c h e lo r  H e rd  #14 as he 
w as not seen again  a lone o r  w ith  a m ix e d  hei-d . A g a in  on 24 A p r i l  1976, 
tw o 1 ^ -y e a r -o ld  m a le s  w e re  chased f r o m  H e rd  #2 9 by the sam e ad u lt 
b u ll. T h e s e  b u lls  did not im m e d ia te ly  jo in  b a c h e lo r  H e rd  #14. T h e y
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w e re  seen  to g e th e r but u n asso c ia ted  w ith  a h e rd  th ro u g h  the  c lose  of 
th e  s tudy .
A t K osh i T ap p u , o n ly  once was a d e v ia tio n  fro m  known  
b a c h e lo r  h e rd  s iz e  (14 ) re c o rd e d . T h e  n ine b a c h e lo rs  o b served  in  that 
case w e re  feed in g  on s h o rt g ra s s  ad ja c e n t to  a m ix e d  s c ru b -fo re s t  
w h ich  m a y  have concea led  the re m a in in g  f iv e  h e rd  m e m b e rs . O b s e r ­
va tio n s  of the b a c h e lo r  h e rd  at K o sh i Tapp u  w e re  m ade fro m  A p r i l  
th ro u g h  J u ly . T h e  s tro n g  cohesiveness and la c k  of ag o n is tic  b e h a v io r  
seen m a y  re p re s e n t a s eas o n a l phenom enon w h ich  does not a c c u ra te ly  
r e f le c t  the s itu a tio n  d u rin g  the w in te r  b re e d in g  season .
Lone b u lls . T h e  s o c ia l ro le  of lone b u lls  has been d iscussed  
in  A s ia n  l i t e r a tu r e  m a in ly  w ith  re fe re n c e  to  th e ir  re la tio n s h ip  to  
r e a r in g  of d o m estic  b u ffa lo . Gee (1953) noted th a t a lo ne  b u ll m a y  be 
s o l i ta r y  "of its  own f r e e  w i l l ,  . . . " in  o rd e r  to a s so c ia te  w ith  
d o m e s tic  cows in  a r i v a l r y - f r e e  s itu a tio n . In  c o n tra s t, N oronha  (1954) 
o b se rv e d  th a t lone b u lls , a lthough th e  la rg e s t  of ad u lt m a le s , " a re  not 
s o l i ta r y  f ro m  cho ice  . . . "  but a re  , . a ttac k e d  and d r iv e n  o ff w hen  
th e y  t r y  to re jo in  the [m ix e d ] h e rd . " F u r th e r ,  th e y  a re  o ld e r  b u lls  
w h ich  fo r m e r ly  a s so c ia ted  w ith  m ix e d  h e rd s  but w e re  d r iv e n  f r o m  the  
h e rd  b y  str o n g e r, yo u n g er b u lls . Scott (19 69 ) o b served  th a t, "the b u ll 
in the  m a jo r i ty  of in s tan ces  has p ro v e d  to  be a m id d le -a g e d  one. . . . "  
l ie  re (x)r'ded  "o n ly  one in s tan ce  o i the v is it in g  w ild  b u ll being an old
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a n im a l, and then it  was such a fin e  sp ec im e n  th a t it  w as d if f ic u lt  to  
im a g in e  its  hav ing  been chased out of any w ild  h e rd  b y  anyth ing but the  
m o st p o w e rfu l of r iv a ls ,  ”
A g re e m e n t is unanim ous am ongst Ind ian  au tho rs  (N oronha  
1953 and 1954, Gee 1953, L a l l  1953, and Scott 1969) that: 1) lone  
b u lls  h y b r id iz e d  w ith  d o m estic  b u ffa lo  and acco m p an ied  d o m estic  h erd s  
as w ild  b u lls  acco m p an ied  w ild  m ix e d  herds; and 2) d o m estic  b u lls  
w e re  not kept by  h e rd s m en  liv in g  in a re a s  in h ab ited  by lone b u lls  
because d o m es tic  b u lls  w e re  ty p ic a lly  k ille d  o r  d r iv e n  aw ay by w ild  
b u lls .
A t K osh i Tapp u  th e re  was no w ay  to  know w h e th e r lone b u lls  
w e re  p re v io u s ly  o s tra c iz e d  m ix e d -h e rd  b u lls . Both m ix e d -h e rd  b u lls  
re m a in e d  w ith  th e ir  h e rd s  throughout the s tudy. G r im s d e ll (1969 , in  
S in c la ir  1977) o b served  te m p o ra ry  d iss o c ia tio n  of dom inant b u lls  fro m  
m ix e d  h erd s  d u ring  the d ry  season in  A f r ic a .  Since h e rd  lo ca tio n  
fre q u e n c y  was h ighest d u rin g  the d ry  season and b u lls  w e re  a lw ays  
o b served  w ith  m ix e d  h erd s  d u rin g  that t im e , season al d isso c ia tio n  was  
not com m on at K osh i T ap p u . Lone b u lls  did not a sso c ia te  w ith  
d o m estic  h e rd s , and d o m estic  h e rd s m e n  ra is e d  th e ir  own o r b o rro w e d  
d o m estic  bu lls  fo r  b re e d in g  (A ppendix  A ). A g o n is tic  in te ra c tio n s  
betw een w ild  and d o m es tic  b u lls  w e re  n e ith e r  re c o rd e d  n o r re p o rte d  b y  
lo ca l h e rd s m en .
T h e  on ly  o b served  ag o n is tic  in te ra c tio n  betw een w ild  b u lls  was
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re c o rd e d  on 16 D e c e m b e r 1975. M ix e d -h e rd  B u ll #11 was observed  
f ig h tin g  w ith  a known lone b u ll w ith in  the w in te r  range of H erd  #11 
(F ig . 7 ). D u rin g  the 3 0 -m in u te  fig h t. B u ll #11 w as the a g g re s so r in  
s ix  se p a ra te  fig h tin g  bouts w h ich  w e re  sep a ra ted  by sh o rt in te rv a ls  of 
g ra z in g . T h is  encounter was a p p a re n tly  in s tig a ted  and d e fin ite ly  
dom inated  and te rm in a te d  by B u ll #11. T h is  m ay  be an exam ple  of a 
lone b u ll try in g  to defeat a m ix e d -h e rd  b u ll and assum e his po sition  
w ith in  the m ixed  h e rd . H e rd  #11 w as, h o w e v e r, not in  sight during  
the b a ttle .
D a n ie l and G rubh (1966) postu la ted  that "fig h ts  m ay occur 
when two b u lls  happen on a h e rd  ho ld ing  a cow in season, the s tro n g e r  
b u ll keep ing  w ith  the h e rd  and d r iv in g  o ff la te r  a r r iv a ls .  " The  above  
encounter took p lace  at the beginning of the w in te r  b ree d in g  season  
w hen cows could have been in  e s tru s . F o llo w in g  the encounter. B u ll #11 
re tu rn e d  to H e rd  #11 in  the dense ly  fo re s te d  a re a  at the ce n te r of its  
w in te r  ran g e . T h e  defeated  lone b u ll w a llo w ed  fo r  20 m inutes in  a 
shallow  d epression  0.1 km  w es t of the s ite  of the fig h t, em erg ed  caked  
w ith  m ud, and w a lked  s lo w ly  to w ard  the dense fo re s t, 1.1 km  south of 
H e rd  #11 . T h e re  he w as seen a lo n e , a lte rn a te ly  feed ing  and engaging  
in  "m o ck  b a ttle s "  w ith  low scru b  veg e ta tio n  at the p e r ip h e ry  of the 
fo re s t. H is  head becam e w rapped  in an entangled m ass of c lim b e rs  
w h ic h  he w o re  at le a s t u n til d a rk .
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P o p u la tio n  Census
S ize  of the to ta l w ild  b u ffa lo  population  at K osh i Tappu has 
been e s tim a te d  at le a s t 10 tim e s  s ince 1945 (T a b le  2 ). Those es tim ate s  
w e re  based on in c id e n ta l s ightings and consu ltation  w ith  lo c a l v illa g e rs  
and h erd s m en  ra th e r  than on s y s te m a tic  o b serva tio n s . P e llin c k  (1971) 
re p o rte d  th a t "D ue to the g re a t n u m b er of do m estic  c a ttle  and buffa loes  
it  was im p o s s ib le  to  fin d  tra c k s  of w ild life  as the whole a re a  was  
covered  by do m estic  c a ttle  and bu ffa loe  p r in ts . " The ad d itio n a l 
p ro b le m  of m is ta k in g  fe r a l  fo r  w ild  b u ffa lo  accounts fo r  the w ide  
d isc re p a n c y  betw een e s tim a te s  by d iffe re n t au thors  fo r  the sam e y e a r .
In Ju ly  1976, the w ild  b u ffa lo  population  nu m b ered  at le a s t  
63 in d iv id u a ls  in th re e  h erds  and one lone b u ll. Locations  of lone b u lls  
w e re  in fre q u en t and o b servatio n s  w e re  of b r ie f  d u ra tio n , p rec lu d in g  
p o s itiv e  id e n tif ic a tio n  of m o re  than one in d iv id u a l. B ased on re p o rts  
of lo c a l v il la g e rs , I  suspect that at le a s t two a d d itio n a l lone bu lls  
in hab ited  the R e s e rv e  and m o re  dense ly  fo re s te d  a rea s  n o rth  of the  
R e s e rv e . T h is  w ould  in c re a s e  the to ta l e s tim a te  to 65 in d iv id u a ls .
Age and Sex C o m p o s itio n
Age and sex com p o sitio n  of the population  in Ju ly  1976 a re  
shown in  T a b le  3. H e rd  #2 9, the la rg e s t m ix e d  h e rd , n u m b ered  2 9 
in d iv id u a ls  in M a y  1975 and 3 7 in  J u ly  1976. T h e  in d ic a ted  in c re m e n t  
of e igh t in d iv id u a ls  over' the 1 5 -m o n th  p e rio d  does not n e c e s s a r ily
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T a b le  2 . P op u la tio n  e s tim a te s  fo r  A sian  w ild  bu ffa lo  at K oshi Tappu  
W ild life  R e s e rv e .
Source Y e a r E s tim a te
Lohani {in B lo w e r 1971) 1945 100
D a n ie l and G rubh (1966) 1966 15 -20
S p ille tt and T am an g  (1966) 1966 2 0 -3 0
W illa n  (in  D a n ie l and G rubh 1966) 1966 100
Lohani (in  B lo w e r 1971) 1968 60
C au gh ley  (in  B lo w e r 1971) 1969 3 0 -4 0
B lo w e r (1971) 1971 40
P e llin c k  (1971) 1971 21
Gupta and M is h ra  (1972) 1972 4 0 -4 5
U p re ti (1974) 1974 > 100
Poppleton (1975) 1975 4 0 -6 0
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T a b le  3. Sex and age co m p o s itio n  of K o sh i Tappu  w ild  A s ian  b u ffa lo  
in  J u ly  1976.
A ge c lass Sex
G roup
T o ta lH e rd  #2 9 H e rd  #11 H erd  #14 Lone b u ll
A d u lt d* 1 1 9 1 (3)^ 12 (15)
? 15 3 18
Subadult d* 1 7 8
Î 3 1 4
J u v e n ile -1 d 4 4
? 5 1 6
J u v e n ile -2 d* 3 1 4
? 4 1 5
C a lf d*
?
Ub 1 1 2
T o ta l d 9 2 16 1 (3) 28 (31)
Î 27 6 33
U 1 1 2
63 (65)
lO stim atc,
boSex u n d e te rm in e d .
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re f le c t  re p ro d u c tiv e  re c ru itm e n t s ince  the 1975 s u m m e r herd  counts 
w e re  m ade d u rin g  m onsoon conditions u n favo rab le  to accu ra te  
cens using . C onsequently , n e ith e r  to ta l count n o r a g e -s e x  com position  
w as a c c u ra te ly  d e te rm in e d  fo r  H erd  #29 in M a y  1975. H o w ever, the  
J u ly  1976 count and c la s s ific a tio n  w e re  ac cu ra te  and a l l  fu r th e r  
in c re a s e s  fro m  3 7 head should be a ttr ib u te d  to  re p ro d u c tiv e  r e c r u i t ­
m ent when noted in the c a lf c lass .
T h e  s m a lle r  of the two m ixed  h e rd s . H e rd  #11, consisted of 
11 in d iv id u a ls  when f i r s t  lo cated  on 1 June 1975. T h re e  m o r ta lit ie s  
dropped H e rd  s iz e  to  a low  of e ight in A p r i l  1976. The H erd  had  
in c re a s e d  to nine by Ju ly  1976.
H erd  #14 (14 b a c h e lo rs ) w as f i r s t  lo cated  on 10 A p r i l  1976. 
B ecause the H erd  ranged at the n o rth e rn  end of the R es e rv e  (F ig . 7), 
ob servations  w e re  l im ite d  in  n u m b er. T h is  H e rd  d isp layed  the high  
in te n s ity  cohesion com m on am ongst m ixe d  h erd s  at K osh i Tappu. 
T h e re fo re , the count of 14 is  co n s id ered  a c c u ra te  fo r  J u ly  1976. Tw o  
ad d itio n a l young b u lls  ( l | - y e a r - o ld s )  d r iv e n  fro m  H erd  #29 in A p r i l  
1976 did not jo in  H erd  #14 b e fo re  the end of the f ie ld  study. H o w ever, 
they  w e re  no lo n g e r m e m b e rs  of H e rd  #2 9 and w e re  included h e re  in  
the b a c h e lo r group. T h is  in c re a s e d  the b a c h e lo r constituent to 16 
in d iv id u a ls , o r  2 5 p e rc en t of the known popu la tion .
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S easonal D is tr ib u tio n
C ru d e  w ild  b u ffa lo  d e n s ity  at K o sh i Tappu  W ild life  R e s e rv e  
w as 0.2 9 /k m ^ . H o w e v e r, w ild  b u ffa lo  w e re  n e v e r located  w ith in  2 km  
of the w e s te rn  em b an km en t n o r w ith in  5 km  of the b a rra g e  (F ig s . 7 
and 8 ). D e le tio n  of non u tiliz e d  a re a  fro m  the to ta l R e s e rv e  a re a  y ie ld s  
an e c o lo g ic a l d e n s ity  of 0 .4 4 /k m ^ . O u ts ide  the R e s e rv e  boundary , 
b u ffa lo  w e re  n e v e r lo ca ted  fa r th e r  than 1.0 km  fro m  the e a s te rn  
em bankm ent. L o c a l re s id e n ts  re p o rte d  th a t w hen b u ffa lo  n u m b ers  
w e re  g re a te r  and a g r ic u ltu ra l s e ttle m e n ts  fe w e r , b u ffa lo  often ranged  
up to 10 km  east of the R e s e rv e  d u rin g  the m onsoon.
M o n s o o n -w in te r and s u m m e r lo catio n s  of H erd s  #2 9 and #11 
and s u m m e r lo ca tio n s  of H e rd  #14 a re  shown in  F ig s . 7 and 8.
M o n s o o n -w in te r o b s e rv a tio n s  w e re  not m ade of H e rd  #14 . S ite -  
a ttach m en t o r s ite -s p e c if ic ity  as d e s c rib e d  by o th ers  (T u llo c h  1969 
and 1970, E is e n b e rg  and L o c k h a rt 1972) c h a ra c te r iz e d  seasonal d is ­
tr ib u tio n  of H erd s  #11 and #14, and m o n s o o n -w in te r  d is tr ib u tio n  of 
H e rd  #2 9. M ix ed  h erd s  occupied s e p a ra te  hom e ranges co rresp o n d in g  
to  s u m m e r and com bin ed  m o n s o o n -w in te r  seasons as noted by T u llo c h  
(1969).
S u m m er d a ily  m o vem en ts  of H e rd  #11 o c c u rre d  betw een the  
m ain  channel of the S a p ta -K o s h i R iv e r  and the g ra s s la n d s  to the east. 
T o ta l re c o rd e d  d is tan ce  m oved did not exceed 3 k m . B u ffa lo  d ran k  
i i-oin the l( iv(N at s u n r is e , al te r  sunset, o r  botti d a ily , and grazcsi.
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F ig . 7. Sum m er ( # )  and m onsoon-w inter (O ) locations of H erd  #11, 
and sum m er locations ( ^ )  of H erd  #14. S m all symbols represent 
single observations, la rg e r  symbols rep resen t five  observations.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
b ^ .
9 0
8
&
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F ig . 8. Sum m er (▲) and m onsoon-w inter ( A )  locations of H erd  #29. 
Sm all symbols represent single observations, la rg e r  symbols  
represent five  observations.
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re s te d , and ru m in a te d  on d ry  r iv e r  channels o r  in  t a l l  g rass lan d  
th roug hou t the day and n ig h t. H e rd  #11 w as f i r s t  lo ca ted  on its  
s u m m e r range on 13 A p r i l  1976, but a r r iv e d  th e re  d u rin g  m id -M a rc h  
a c c o rd in g  to  lo c a l h e rd s m e n . T h e  s u m m e r range was abandoned in  
J u ly  1975 and June 1976 a t the onset of the  m onsoon.
H e rd  # 1 1 's m o n s o o n -w in te r  ran g e  was c e n te re d  7 km  E N E  
of its  s u m m e r ra n g e . M o n s o o n -w in te r  m o vem en ts  w e re  p r im a r i ly  
confined  to a ro u g h ly  c ir c u la r  a re a  le s s  than 3 km  in  d ia m e te r . H o w ­
e v e r , a g r ic u ltu r a l c ro p s  w e re  a ls o  used as fo ra g in g  a re a s  east of the  
e a s te rn  R e s e rv e  b o u n d ary  a f te r  d a rk  d u rin g  th is  season . Th e  d is tin c t  
s u m m e r range s e g re g a tio n  of H erd s  #11 and #2 9 was not m a in ta in e d  
d u rin g  m onsoon and w in te r . A g r ic u ltu ra l  c ro p s  (fo ra g e  so u rc es)  
w ith in  the R e s e rv e  w e re  c o n cen tra ted  in  the l im ite d  a re a  of th e ir  
m o n s o o n -w in te r ran g e  o v e r la p . T h e  tw o h erd s  w e re  n e v e r lo ca ted  
w ith in  v is u a l ra n g e  of one a n o th e r, bu t o c c a s io n a lly  used com m on  
g ra z in g , d r in k in g , and w a llo w in g  a re a s  at d if fe re n t t im e s .
H e rd  #2 9 m oved  e x te n s iv e ly  th roughout the c e n tra l p o rtio n  of 
the R e s e rv e  d u rin g  s u m m e r (F ig . 8 ). L o ca tio n s  in d ica ted  in  F ig . 8 
re p re s e n t tw o s e p a ra te , d ire c te d  m ig ra t io n s . B eg inn ing  at the n o rth  
end of its  s u m m e r ran g e  in  m id -F e b r u a r y ,  H e rd  #29 p ro g re s s e d  
so u th w ard  to  w ith in  2 km  of H e rd  # 1 1 's s u m m e r ran g e  on 20 A p r i l  
1976. H e rd  #29 then re v e rs e d  d ire c tio n  and m oved  n o rth w a rd  to w a rd  
its  m o n s o o n -w in te r  ran g e  w h ich  i t  occupied in m id -J u n e . H e rd  #29
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
36
did  not d is p la y  the  in ten se  s ite  a ttac h m e n t seen b y  T u llo c h  (1969). F o r  
up to  3 days , the H e rd  occup ied  an a re a  of le s s  than 1.0 km ^, and then  
m oved  on to a d if fe re n t  s ite  2 -3  km  aw ay.
M o n s o o n -w in te r  lo ca tio n s  of H e rd  #29 o c c u rre d  on both sides  
of the e a s te rn  R e s e rv e  b o u n d ary  (F ig . 8 ), re fle c t in g  b u ffa lo  fo ra g in g  
on a g r ic u ltu r a l c rops ou ts ide  the R e s e rv e . A lthough H erd s  #11 and 
#2 9 showed som e m o n s o o n -w in te r  ran g e  o v e r la p , th e ir  lo catio ns  w e re  
ty p ic a lly  s e p a ra te  and o r ie n te d  s im i la r  to  th e ir  s u m m e r ranges;
H e rd  #2 9 ran g ed  n o rth  of H e rd  #1 1 .
H e rd  #14 w as lo c a te d  on ly  d u rin g  s u m m e r and e a r ly  m onsoon  
1976. H e rd  m ovem ents  w e re  o v e r a l im ite d  ran g e  in  the n o r th -c e n tra l  
s e c to r  of the R e s e rv e  (F ig . 7 ). D a i ly  m ovem ents  of H e rd  #14 w e re  
s im i la r  to those of H e rd  # 1 1 . W e s te rn -m o s t lo ca tio n s  co rresp o n d ed  
to  a sh a llo w  w a llo w  and d r in k in g  s ite  in  a d ry  s e c o n d a ry  channel of the  
S a p ta -K o s h i R iv e r .  E a s te rn -m o s t  lo ca tio n s  w e re  m ade in  g rass lan d s  
used fo r  g ra z in g , re s t in g , and ru m in a tin g . T h e  H e rd  w as not seen  
d rin k in g  fro m  the m a in  channel of the R iv e r  even in  the la te  d ry  
season w hen the w a llo w  b e c am e  fo u led  w ith  u r in e  and s i l t .  T h e  A s ian  
b u ffa lo 's  p ro p e n s ity  to fo u l w a te r  ho les (K u r t  1969) and c a p a c ity  to  
to le ra te  p re s u m a b ly  s a lin e  d r in k in g  w a te r  (E is e n b e rg  and L o c k h a rt  
1972) have been noted b y  o th e r in v e s tig a to rs , and w e re  su b stan tia ted  
at K o sh i T app u .
Lone b u lls  w e re  lo ca ted  on ly  duiûng m onsoon and w in te i’ (F ig . 9).
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F ig . 9. M onsoon-w inter locations of lone bu lls ,
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Since o n ly  one In d iv id u a l cou ld  be p o s it iv e ly  re c o g n ize d , and o b s e r­
va tio n s  w e re  fre q u e n tly  m ad e  f ro m  a d is tan ce  too g re a t to p e rm it  
id e n tif ic a t io n , a l l  lone b u ll lo ca tio n s  w e re  grouped. W in te r-m o n s o o n  
fo ra g in g  by lone b u lls  in c luded  a re a s  east of the R e s e rv e , s im ila r  to  
H erd s  #29 and #11 . L o ca tio n s  w ith in  the R e s e rv e  w e re  a lso  c e n te red  
in  the v ic in ity  of m a jo r  a g r ic u ltu r a l s e ttle m e n ts .
H a b ita t U t il iz a t io n
B u ffa lo  o b se rv a tio n s  w e re  s o rte d  a c c o rd in g  to seasonal 
o c c u rre n c e  in  one o f s ix  ph ys io gno m ic  o r  s t ru c tu ra l h a b ita t types  
(T a b le  4 ). T o  re la te  a s p e c ific  v e g e ta tiv e  p a ra m e te r  to b u ffa lo  c o v e r -  
type s e le c tio n  in f iv e  of th ese  ty p e s , v e g e ta tiv e  d e n s ity  was sam p led  
as a p e rc e n t o b s c u r ity  of h o r iz o n ta l v is io n  fo llo w in g  W ig h t (1 9 38 ). 
M ean  va lu es  and th e ir  c o rres p o n d in g  95 p e rc e n t confidence in te rv a ls  
fo r  the  p ro p o rtio n  of h o r iz o n ta l v is ib i l i t y  obscured  by veg e ta tio n  in  
each c o v e r type a r e  shown in  F ig . 10.
A  to ta l of 646 o b s e rv a tio n s  w e re  m ade; 304 (47%) w e re  in  
s h o rt g ra s s la n d s , and 293 (96% ) of these  o c c u rre d  d u rin g  s u m m e r. 
Both c o v e r type (1 .7%  o b s c u r ity  in  sh o rt g rass lan d s  ve rs u s  86% in  
dense fo r e s t -s c r u b )  and season fa c il i ta te d  lo c a tio n s . D u rin g  s u m m e r, 
no b u ffa lo  o b serva tio n s  w e re  m ade in  any  o f the th re e  fo re s t c o ver  
ty p e s , a l l  of w h ic h  w e re  s ig n if ic a n tly  h ig h e r  in  p e rc e n t obscured  
h o jfizo n ta l v is io n  (p < 0 .0 0 1 ). T lie s c  l esu lts  a c c u ra te ly  re fle c t  a
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T a b le  4 . Seasonal e x p res s io n  of b u ffa lo  u t i l iz a t io n  of s ix  physiognom ic  
c o v e r ty p e s .
H ab ita t^ Season^
H e rd
#11
G roup
H erd  H e rd  
#14 #29
Lone
bulls'^ T o ta l
dFSc S
M
W 39 3 42
d F (S c) s
M
W 72 8 10 90
m F -S c s
M
W 15 5 20
tG S 5 2 9 18 34
M 16 3 33 52
W 11 13 24
sG s 24 17 248 4 293
M 6 6
W 3 3 6
Ag s 2 2
M 5 1 26 32
W 28 10 7 45
224 19 284 119 646
^dFSc = dense fo re s t  and dense scru b ; dF(S c) = dense fo re s t  
and lig h t scrub; m F -S c  = m ix e d  fo re s t  and scru b ; tG  = ta l l  g rass land ; 
sG = s h o rt g rass lan d ; Ag = a g r ic u ltu ra l c ro p s .
= s u m m e r; M  = m onsoon; W = w in te r .
^L o catio n s  of p a ire d  o r  s o lita r  y b u lls .
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F ig . 10. Mean proportions of obscured h o rizo n ta l v is ion  in  five  
cover types, showing 95 percent confidence in te rv a ls .
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strong seasonal tren d  in  h ab ita t u tiliz a tio n , but o b server search  
p atte rn s  and lo w e r v is ib il i ty  produced a b ias against fo re s t o b se rva ­
tio n s . Low v is ib il i ty  in m o re  densely  vegetated types, compounded 
by the d iffic u lty  of foot t ra v e l during the monsoon, accounts fo r  the 
lack  of observations in fo re s t types and the low o v e ra ll p rop ortion  
(14%) of observations during the monsoon.
B uffa lo  s ite -a tta c h m e n t, although not as strong as rep o rted  
by T u llo ch  (1969), a lso  affected  hab itat u tiliza tio n  re s u lts . A  herd  
located  once was m o re  l ik e ly  than any o ther to be located the fo llow ing  
day. Th is  p a r t ia l ly  accounts fo r  the high p rop ortion  of w in te r locations  
of H erd  #11 in  fo re s t types and that of s u m m er locations of H erds #2 9 
and #14 in  g rass lan d  types. A gain , these data re fle c t  a re a l seasonal 
h a b ita t-u se  tren d , but a re  not su ited  to rig o ro u s  an a lys is .
A sian  bu ffa lo  have been segregated  in to  two types, fo re s t and 
plains buffa lo , on the basis of hab ita t p re fe re n c e  and herd  s ize  in  S ri 
Lanka (E isen b erg  and L o ckh art 1972) and hab ita t p re fe re n ce  and 
m orphology in A ssam  (Anon. 1958). S m a lle r  bodies, lig h te r  c o lo ra ­
tio n , la rg e r  herd  s iz e , and ty p ic a lly  dom estic m orpho log ical fea tu re s  
(a ttrib u te d  to h y b rid iza tio n ) c h a ra c te r iz e d  plains buffa lo . F o re s t  
bu ffa lo  contrasted  the above, and in  addition  had s h o rte r , th ic k e r  
horns (Anon. 1958) than the p lains type.
The two m ixed  herds at K oshi Tappu f i t  this c la s s ific a tio n  
w ith  the exception that cows in  H erd  #11 (fo re s t type) had longer and
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m o re  m a s s iv e  horns than those in  H e rd  #2 9 (p la ins typ e ). H erd  #11 
w as lo ca ted  and ob served  m o re  fre q u e n tly  than H e rd  #2 9 in  the m o re  
dense c o v e r-ty p e s . D u rin g  the s u m m e r. H e rd  #29 was located  in ta l l  
g rass lan d s  m o re  fre q u e n tly  than H e rd  #11 (T ab le  4 ). H ow ever, H erd  
#11 a c tu a lly  occupied ta l l  g rass lands  m o re  fre q u e n tly  but was not 
o b served  th e re  due to the danger in vo lved  in  pu rsu ing  the m o re  w i ld -  
type h e rd  on foot th rough  dense c o ve r. H e rd  #11 re s te d  and ru m in a te d  
in  ta l l  g ra s s la n d  fo r  4 to 6 hours p e r  day, m uch m o re  than H e rd  #29. 
T a l l  g rass lan d s  occupied by H e rd  #29 during  s u m m e r w e re  burned  
d u rin g  la te  w in te r . Those in hab ited  by H e rd  #11 w e re  a t the southern  
end of the R e s e rv e , consequently  w e re  w e tte r , and w e re  not bu rn ed . 
U nburned ta l l  g rass lan d s  w e re  s ig n ific a n tly  (p < 0 .0 0 1 )  m o re  dense 
than b u rn ed  ta l l  g ras s la n d s .
D u rin g  w in te r . H erd  #11 was searched  fo r  and located  m o re  
fre q u e n tly  than H e rd  #2 9 in  fo re s t c o ver typ es . L y d e k k e r (1916) 
sta ted  that the A s ia n  b u ffa lo  " is  g e n e ra lly  found in m a rs h y  coun try , 
w h e re  i t  freq uents  g ra s s -ju n g le , although it  som etim es  inhabits open 
p la in s  o r  low s c ru b -ju n g le , and v e ry  r a r e ly  fo re s ts . " B lan fo rd  
(1891 , in  L y d e k k e r 1912) sh ared  L y d e k k e r 's  op in ion. O f 224 o b s e r ­
va tio n s  of H erd  #11 , 111 (50%) w e re  m ade in fo re s t types , a l l  during  
w in te r . V e g e ta tiv e  d en s ity  in  a l l  fo re s t types was s ig n ific a n tly  
g re a te r  than that in  the unburned ta l l  g rass lan d s  occupied by H e rd  #11 
d u rin g  s u m m e r. H erd  # 1 1 's w in te r-m o n s o o n  range was cen tered  in
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im m e d ia te  p ro x im ity  to a g r ic u ltu ra l se ttlem en ts  w ith in  the R e s e rv e . 
T h e  77 w in te r-m o n s o o n  o b servations  in a g r ic u ltu ra l crops w e re  a l l  
n o c tu rn a l and asso cia ted  w ith  d iu rn a l use of ad jacent fo re s t types. 
L y d e k k e r  (1916) and In v e ra c ity  (1895) docum ented w ild  b u ffa lo  dam age  
to c ro p s , and U p re ti (1974) observed  that at K oshi Tappu "crop  
ra id in g  is  a com m on a c t iv ity  during  the n ight . . . [and] is  m o re  
n o tic ea b le  during  the w in te r  m onths w hen s c a tte re d  fie ld s  of crops  
a re  grow ing  in  the a re a . "
A  s im ila r  p a tte rn  of d iu rn a l fo re s t use and n o ctu rn a l crop  
ra id in g  w as fo llo w ed  b y  H e rd  #29. Th e  a g r ic u ltu ra l a re a  m ost 
a ffec ted  by H e rd  #29 was east of the R e s e rv e  and 1 7 -18  km  N N E  of 
the b a rra g e  n e a r M adhuban v illa g e  (F ig . 8).
S u m m er c o v e r-ty p e  use by lone bu lls  co n tras ted  that of 
b a c h e lo r b u lls , s im ila r  to the re la tio n s h ip  betw een H erd s  #11 and 
#2 9. B a c h e lo r b u lls  freq u en ted  sh o rt g rass lands  and a llu v ia l fla ts  
d u rin g  s u m m e r w h e re a s  lone b u lls  m o re  fre q u e n tly  inhabited ta l l  
g ra s s la n d s . B a c h e lo r  lo ca tio ns  w e re  lim ite d  to s u m m e r, but lo c a l 
h e rd s m e n  re p o rte d  o b serv in g  H e rd  #14 fa r  no rth  of the R eserve  
d u rin g  m onsoon and w in te r  in  fo re s te d  a rea s  south of C h akra  G h atti 
v illa g e .
U se of fo re s te d  and a g r ic u ltu ra l a re a s  by lone bu lls  during  
monsoon and w in te r  was s im ila r  to  p a tte rn s  es tab lished  fo r  m ixed  
h e rd s . A n im p o rta n t d iffe re n c e  was that 31 of the 33 m o n so o n -w in te r
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ob servatio n s  in  c rop  a re a s  w e re  m ade d u ring  d ay ligh t. Lone bu lls  
(on tw o occasions p a ire d ) often re s te d , w a llo w ed , and ru m in a ted  
throughout the day in ju te  f ie ld s  0,2 km  w est of the ea s te rn  R e s e rv e  
boundary . F ro m  th e re , th ey  m oved acro ss  the e a s te rn  boundary at 
dusk and fed in  r ic e  f ie ld s  throughout the n ight. Lone b u lls  used ta l l  
g ra ss  (Typh a e le p h a n tin a - S acch aru m  spontaneum ) co ver types along  
the e a s te rn  R e s e rv e  bo undary  during  dayligh t as they did ju te . T h e  
tw o hab ita ts  a re  p h ys io g n o m ica lly  id e n tic a l.
H ab ita t S e lec tio n  as a F u n ctio n  of Sunlight In te n s ity
Pandey and Roy (1968) and N etke  et a l. (1970) re p o rte d  that 
d o m estic  A s ia n  b u ffa lo  in  s u b tro p ic a l la titu d es  a re  in to le ra n t of p r o ­
longed p erio d s  of d ire c t  exposure to in tense sun ligh t due to th e rm o ­
re g u la to ry  p ro b le m s . T a y lo r  (1968) showed th a t the highest m a x im u m  
body te m p e ra tu re  a tta in e d  by A fr ic a n  ru m in an ts  was 5 .2 °C  h ig h e r  
than the m a x im u m  re c o rd e d  by M o ra n  (1973) fo r  A s ian  bu ffa lo  in  
A u s tra lia . A s ian  and A fr ic a n  b u ffa lo  a re  s im ila r  in  m ax im u m  
to le ra b le  body te m p e ra tu re s  (S in c la ir  1977). M o ra n  m o n ito red  body  
te m p e ra tu re s  in  re s te d  and e x e rc is e d  A sian  b u ffa lo  exposed to th re e  
e x p e rim e n ta l en v iro n m en ts : 1) standing in d ire c t sunlight; 2) w a llo w ­
ing in  d ire c t sunlight; and 3) standing in shade. The h ighest m ax im u m  
body te m p e ra tu re  (4 0 .8 °C ) was re c o rd e d  am ongst e x e rc is e d  bu ffa lo  
w h ile  standing in d ire c t su n lig h t. S in c la ir  (197 7), s u m m a riz in g
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M o ra n 's  re s u lts , concluded that " ly in g  in  w a te r , although of som e  
b e n e fit, w as less  s a tis fa c to ry  fo r  te m p e ra tu re  re g u la tio n  than shade- 
seek in g . "
Since c u rre n t m ism an ag em en t at K oshi Tappu is  re s u ltin g  in  
d ecreased  s h a d e -p ro v id in g  fo re s t co ver and in c re a s ed  freq u en cy  of 
hu m an -in d u ced  d is tu rb an ce  of w ild  b u ffa lo , I  chose to evaluate  the  
im p a c t of th is  tre n d  on b u ffa lo  h ab ita t se le c tio n .
P hysiognom ic  c o v e r types u tiliz e d  by bu ffa lo  w e re  sam pled  
at ground le v e l to  d e te rm in e  the p ro p o rtio n  of in c iden t s o la r  ra d ia tio n  
p e n e tra tin g  the v e g e ta tiv e  canopy. R esu lts  a re  shown in T a b le  5. 
S ig n ifican ce  of d iffe re n c e s  in m ean sun ligh t p en e tra tio n  values was  
d e te rm in e d  b y  a standard  t - te s t  (Snedecor and C ochran  1967) when  
v a ria n c e  ra tio s  y ie ld ed  in s ig n ific a n t F -v a lu e s . W h e re  v a rian c es  
d iffe re d  s ig n ific a n tly , a t ' - t e s t  was app lied  fo llo w in g  C ochran  (1964, 
in Snedecor and C o ch ran  1967). R esu lts  a re  shown in  T a b le  5.
N um erou s authors  note the p ro p en s ity  of w ild  buffa lo  to  g raze  
on open, s h o r t-g ra s s  p la in s  fro m  s h o rtly  b e fo re  sunset u n til s h o rtly  
a f te r  dawn, when th ey  r e t i r e  to ta l l  g rass  o r  c a tta il co ver to re s t  
d u rin g  m id d ay  (L y d e k k e r 1912, D u n b a r-B ra n d e r  1923, N oronha 1953). 
D u rin g  the s u m m e r of 1976, H e rd  #11 fo llo w ed  such a d a ily  m ovem ent 
p a tte rn . Since p e n e tra tio n  of in c id en t s o la r  ra d ia tio n  was s im ila r  fo r  
burned  ta l l  g rass lan d s  and s h o rt g rass lan d s  ( f  = 0 .43; p > 0 .9 ), 
p r e fe re n t ia l u t i l iz a t io n  of burned ta l l  g ra s s la n d  fo r  m idday re s tin g
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T a b le  5. M ean  sunligh t p e n e tra tio n  ind ices  and tests  fo r  s ig n ifican ce  
of d iffe re n c e  betw een physiognom ic veg e ta tio n  types.
Sunlight p e n e tra tio n  ind ices
A ll Sg bTg T g m FSc dF(S c) dFSc
X 1.0 0.96 0.96 0.74 0.47 0 .19 0,10
s 0 .04 0 .14 0.09 0.19 0.19 0.13 0.11
n 100 100 100 100 100 100 100
S ig n ifican ce  of d iffe re n c e  betw een types
A l l
Sg
b T g
Tg
m FS c
dF(S c)
dFSc
A l l  Sg bTg T g m FSc dF(Sc) dFSc
6 .33*& 3 .4 7 * 1 2 .8 0 * 2 6 .2 5 * 6 6 .2 7 * 7 5 .5 8 *
O.OOlb 0.01 0.001 0.001 0.001 0.001
0 .0 4 3 * 9 .26 20.54 4 5 ,1 6 * 4 8 .5 7 *
0 .9 0.001 0.001 0.001 0.001
1 0 .3 1 * 2 2 .8 7 * 54 .7 9 * 6 0 .5 7 *
0.01 0.001
9.87
0.001
0.001
2 7 .0 1 *
0.001
1 5 .0 1 *
0.001
0.001
2 8 .6 7 *
0.001
1 6 .3 6 *
0.001
0.976
0.3
Note: A l l  = a llu v iu m ; Sg -  sh o rt g rassland ; bT g  = burned ta l l  
g rass lan d ; T g  = ta l l  g rass lan d ; m FS c = m ixed  fo re s t and scrub; 
dF (S c) = dense fo re s t  and lig h t scrub; dFSc = dense fo re s t and heavy  
scru b .
'"Indicates t ' va lu e  r a th e r  than t v a lu e .
^t o r  t ' va lues  as d iscussed under M ethods and M a te r ia ls .  
^ S ig n ifican ce  le v e l of above.
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d u rin g  la te  s u m m e r appears  to be m o tiva ted  by cons id era tio ns  o ther  
than reduced  sun ligh t exposure . A  s im ila r  conclusion  was m ade by  
S in c la ir  (1977) w ith  re fe re n c e  to A fr ic a n  b u ffa lo . D u rin g  la te  w in te r  
and e a r ly  s u m m e r (b e fo re  g rass  b u rn in g ), sunlight in ten s ity  at ground  
le v e l was s ig n if ic a n tly  lo w e r (t = 9 .26; p < 0 ,001 ) in  ta l l  than in  sh o rt 
g ra s s la n d s . H o w e v e r, th is  d iffe re n c e  coincides w ith  a p e rio d  of 
r e la t iv e ly  m o d e ra te  am bien t te m p e ra tu re , abundant d rin k in g  w a te r ,  
and lush fo ra g e .
H erd s  #29 and #14 did not m ove fro m  sh o rt g rasslands o r  
a llu v iu m  to ta l l  g ras s la n d s  d u ring  m id d ay  in  s u m m e r. Both herds  
re s te d  and in fre q u e n tly  g ra ze d  d u ring  the hours of peak te m p e ra tu re , 
re m a in in g  on the tw o c o v e r types of h ighest s o la r  input. O f 305 o b s e r­
vations of bu ffa lo  on sh o rt g rass lan d s  and a llu v iu m , 293 (96%) w e re  
re c o rd e d  during  s u m m e r (T a b le  4 ). T h is  re fle c ts  both p re fe re n t ia l  
u tiliz a t io n  of sh o rt g rass lan d s  and the ease of lo catin g  bu ffa lo  in  this  
c o ver typ e .
D u rin g  w in te r , 152 of 227 b u ffa lo  observations  (67%) w e re  
m ade in  the c o ver types of g re a te s t canopy coverage  and leas t in c ident 
ra d ia tio n , dense fo re s t (d F ), dense fo re s t w ith  scru b  (dP(Sc) ), and 
m ix e d  fo re s t-s c ru b  (m F -S c ) . The  fo r m e r  types a re  not s ig n ific a n tly  
d iffe re n t in  sun ligh t p e n e tra tio n  (t = 0 .98; p = 0 .3 ). O f 132 observations  
in  dF  and d F (S c ), a l l  w e re  re c o rd e d  d u ring  w in te r , coincident w ith  
m in im a l e n v iro n m e n ta l s tre s s . T h a t b u ffa lo  s e le c t fo r  a reas  of le s s e r
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in c id en t s o la r  ra d ia tio n  during  seasons of reduced  te m p e ra tu re  s tre s s  
and fo r  a rea s  of m a x im a l s o la r  ra d ia tio n  d u ring  the hot, d ry  s u m m e r  
supports  the contention  that sunlight in te n s ity  is  not a p r im a r y  d e te r ­
m in an t of h ab ita t se le c tio n .
S in c la ir  (1977) concluded that "changes in the b u ffa lo 's  food  
supply  d e te rm in e  th e ir  m ovem ent in to  and out of d iffe re n t h a b ita ts . As  
the g rass  d rie s  out, becom ing co arse  and less n u tr itio u s  in  the non­
r iv e r  ine h a b ita ts , the b u ffa lo  m ove down the catena to the r iv e r in e  
h a b ita ts , " A t K osh i Tapp u , w heat, p u lse , and m u s ta rd  w e re  a v a ila b le  
as a g r ic u ltu ra l fo ra g e  sources d u ring  la te  w in te r  and e a r ly  s u m m e r.
As these crops m a tu re d  and d r ie d , b u ffa lo  m oved to th e ir  su m m er  
ran g es . A lthough a v a ila b le  fo ra g e  on sh o rt and burned  ta l l  g rasslands  
appeared  lim ite d  d u rin g  s u m m e r, it  w as p re fe r r e d  o ver w ild  food 
sources (in  fo re s te d  h ab ita ts ) w h ich  could not be supplem ented by  
a g r ic u ltu ra l c ro p s .
A m ong the B o v in i, the A s ia n  b u ffa lo  stands out as an e ffic ie n t  
u s e r of p o o r -q u a lity  fo ra g e . T u llo c h  (1968 , in  T u llo ch  1970) re co rd ed  
body w e ig h t gain  by b u ffa lo  ca lves  and w e ig h t m aintenance by cows fed  
ba led  r ic e  s tra w  of 1 -2  p e rc en t p ro te in  content. B u ffa lo  cows at 
K oshi Tappu, p a r t ic u la r ly  those in  la c ta tio n , w e re  in poor condition  
d u rin g  la te  s u m m e r. P ro te in  in take  was p ro b ab ly  in cre ased  and 
e n e rg y  exp en d itu re  (re s u lt in g  fro m  hum an h a ra ss m e n t) reduced by 
fo ra g in g  on r iv e r in e  g rass lan d s  d is tan t fro m  a g r ic u ltu ra l s e ttle m e n ts .
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S in c la ir  (1977) ob served  that bu ffa lo  could w ithstand high  
am b ien t te m p e ra tu re  and s o la r  ra d ia tio n  by evap o ra tive  cooling  
(sw eatin g ) or re s tin g . W hen d rin k in g  w a te r  w as re a d ily  a v a ila b le , 
e v ap o ra tiv e  cooling  com m enced at lo w e r body te m p e ra tu re  than when  
b u ffa lo  w e re  d ehydrated  (T a y lo r  1970). D rin k in g  fa c ilita te d  m a in te ­
nance of s u b m a x im a l body te m p e ra tu re . R esting  o c c u rre d  during  
hours of h ighest body te m p e ra tu re , in d ica tin g  that responses to  
am b ien t te m p e ra tu re  w e re  b e h a v io ra l as w e ll as p h ys io lo g ica l (S in c la ir  
1977). B u ffa lo  at K osh i Tappu fa c ilita te d  p h ys io lo g ica l response to 
s u m m e r heat s tre s s  by d rin k in g  fro m  the R iv e r  a t le a s t once d a ily  
(u su a lly  a t dawn and dusk). B e h a v io ra lly , bu ffa lo  responded by re s tin g  
at o r  n e a r  w a te r  holes d u rin g  m ost of the day. O n ly  a fte r  bathing o r  
d rin k in g  did b u ffa lo  g ra ze  in  d ire c t sunligh t during  m idd ay . H o w eve r, 
under o v e rc a s t sk ies  b u ffa lo  ty p ic a lly  g ra ze d  throughout the day.
A g r ic u ltu ra l C ro p  Use
P r o x im ity  of b u ffa lo  lo ca tio n s  to  a g r ic u ltu ra l crops v a r ie d  
s e as o n a lly  as shown in  F ig . 11. M e a su re d  distances of bu ffa lo  
lo ca tio ns  fro m  cro p s  w e re  co n verted  by a In  (x + 1) tra n s fo rm a tio n  to  
ach ieve  n o rm a lity  of data and ho m o geneity  of v a ria n c e  (Poole 1974) 
fo r  in te rh e rd  co m p ariso n s  as d escrib ed  under M ethods and M a te r ia ls .
S u m m er lo catio ns  w e re  fa r th e s t fro m  crop a re a s . M ost 
a g r ic u ltu ra l f ie ld s  w e re  fa llo w  d u ring  s u m m e r due to inadequate
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F ig .  11 . M e a n  d is tan c e  o f b u ffa lo  g rou ps  f r o m  a g r ic u l tu r a l  c ro p s  
d u rin g  s u m m e r , m onsoon, and w in te r .
(N ote: d a ta  w e re  t r a n s fo rm e d  b y  In  (x  +  1 ). H e rd  # 2 9 = 0  
H e rd  #11 = # ;  H e rd  #14 = A ;  lo n e  b u lls  = 0 *  V e r t ic a l  lin e s  
re p re s e n t  95 p e rc e n t co n fid en ce  in te r v a ls .  )
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ir r ig a t io n , and consequently  a ffo rd ed  lim ite d  a g r ic u ltu ra l fo rage  
re s o u rc e s . T h e  few  n o n - ir r ig a te d  s u m m e r crops (m u s tard  seed and 
v e g e ta b le s ) w e re  e a s ily  p ro te c te d  fro m  b u ffa lo  and w e re  ap p a re n tly  
not p re fe r re d  fo ra g e . O f 311 s u m m e r o b servatio n s , 309 w e re  d iu rn a l, 
none of w h ich  was in  a crop  a re a . Both n o c tu rn a l observations  w e re  
m ade of H e rd  #2 9 in crop  a reas  (T a b le  6) sown to w heat and pulse  
d u rin g  la te  w in te r .
H e rd  #29 ranged fa r th e r  than H erd s  #11 and #14 fro m  crops  
d u rin g  s u m m e r (p < 0 .0 0 1 ) , but not s ig n if ic a n tly  fa r th e r  than lone b u lls . 
H igh v a r ia n c e  of s u m m e r lone b u ll d istances fro m  a g r ic u ltu re ,  
although due p a r t ia l ly  to the lim ite d  n u m b er of lo ca tio n s , substantiates  
th e ir  w id e -ra n g in g  n a tu re  d iscussed by T u llo c h  (1970).
D u rin g  monsoon and w in te r , observed  distances of bu ffa lo  
f ro m  a g r ic u ltu re  d ecreased  s h a rp ly  fro m  the s u m m e r peaks. Both  
r e la t iv e ly  high m ean d istance  and high v a r ia b i l i ty  of monsoon locations  
of H e rd  #2 9 a re  a r t ifa c ts  re s u ltin g  fro m  s m a ll sam ple  s ize  and the non- 
random  n a tu re  of sam p lin g  m entioned e a r l ie r .  Monsoon locations  
nu m b ered  125, 16 of w h ich  w e re  n o c tu rn a l. N ine  of the 16 n o ctu rn a l 
o b servatio n s  w e re  in  a g r ic u ltu ra l a rea s  w hich  w e re  sown to ju te . As 
m ention ed  under H ab ita t U t il iz a t io n , ju te  fie ld s  a re  ph ys io g n o m ica lly  
id e n tic a l to  ta l l  g rass lan d s  w hen the p lants reac h  th e ir  m a tu re  height. 
Jute was eaten  by b u ffa lo  on ly  d u ring  e a r ly  m onsoon when young plants  
w e i c less  than 1.2 m in h e ig h t. T.one b u lls  showed low est m ean
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T a b le  6. T o ta l n u m b er of b u ffa lo  ob servations  (above), showing  
d iu rn a l (m id d le ) and n o c tu rn a l (below ) o b servatio n s . The f i r s t  
n u m b er in  p aren th eses  re p res e n ts  observations  in a g r ic u ltu ra l  
c ro p s , the second re p re s e n ts  ob servations  in a l l  o ther a re a s .
Season
H erd S u m m er Monsoon W in te r
11 30 21 156
30(0 , 30) 18(2, 16) 132(2, 130)
0 (0 ,0 ) 3 (3 ,0 ) 24(23 , 1)
29 251 9 38
2 4 9 (0 .2 4 9 ) 8 (0 ,8 ) 3 1 (6 ,2 5 )
14
2 (2 ,0 )
24
2 4 (0 ,2 4 )
0 (0 ,0 )
1 (1 ,0 ) 7 (3 ,4 )
1 6 95 41
6 (0 ,6 ) 83 (22 , 61) 4 0 (3 ,3 7 )
0 (0 ,0 ) 1 2 (5 ,7 ) 1 (1 .0 )
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
53
d is tan ce  f ro m  a g r ic u ltu re  due to freq u e n t d iu rn a l use of ju te  fie ld s  fo r  
re s tin g  and ru m in a tin g . G ra z in g  dam age to ju te  was m in im a l as 
b u ffa lo  se lec ted  on ly  te rm in a l le a v e s . R estin g  dam age, although  
s lig h t, was g re a te r  than g ra z in g  because a 1 -2  m^ a re a  was lev e le d  
b y  the recu m b en t a n im a ls .
The d iffe re n c e  betw een H e rd  #11 and lone b u ll m ean d istance  
w as not s ig n ific a n t (p = 0 .4 ). H e rd  #2 9 m ean d istance was s ig n ific a n tly  
g re a te r  (p = 0 .5 ) than that fo r  lone b u lls , but is  of lim ite d  consequence 
fo r  reasons noted above.
H erd s  #11 and #2 9 fed on the e a r ly  r ic e  crop and ju te  during  
m onsoon. D am age to  r ic e  at th is  tim e  was low as fa rm e rs  often  
g ra ze d  th e ir  own liv e s to c k  on sprouted  r ic e  to fa c ili ta te  stoo ling .
The h ighest fre q u e n c y  of crop use w as re co rd e d  during  
w in te r . O f 235 to ta l o b se rv a tio n s , 38 (16.2% ) w e re  m ade in c u ltiva ted  
f ie ld s . M ost g ra z in g  and tra m p lin g  dam age o c c u rre d  in  r ic e  f ie ld s .
In  N o v e m b er 1975, 92 in d iv id u a l r ic e  paddies to ta lin g  78,802 m^ w e re  
in sp ected  fo r  dam age due to b u ffa lo  feed ing  o r tra m p lin g . O f these,
39 paddies showed m e a s u ra b le  dam age to ta lin g  11,127 m ^, o r  14 
p erc en t of the inspected  a re a .
As d iscussed under H a b ita t U t iliz a t io n , H erds #11 and #29 
m ade s im i la r  use of crops d u rin g  w in te r . Both fed lig h tly , res ted , 
and ru m in a te d  in fo re s te d  a re a s  d u rin g  d a y lig h t, and fed in ad jacent 
crops at n igh t. I le rd  #29 's  ic la t iv e ly  liig lu .'f w in te r  mean distance
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f ro m  a g r ic u ltu re  re fle c ts  a lo w e r  sam ple  s ize  ra th e r  than less  
fre q u e n t n o c tu rn a l use of c ro p s .
W allo w s
Use of w a llo w s  was re co rd e d  on 23 s ep ara te  occasions.
B ased on d iffe re n c e s  in  the n a tu re  of w a llow s and the pa tte rn s  of th e ir  
use by b u ffa lo , tw o c a teg o ries  of w a llow s w e re  d istingu ished . M u d -  
w allo w s  w e re  s m a ll,  sh a llo w , and used by fe w e r than th re e  buffalo  
s im u lta n e o u s ly . T h ese  w a llo w s  w e re  is o la te d  fro m  the m ain  R iv e r  
channel, and d r ie d  d u rin g  m id s u m m e r. B u ffa lo  used m u d -w allo w s fo r  
a sh o rt d u ra tio n  and e m erg e d  c o vere d  w ith  w et m ud. Baths w e re  
la r g e r ,  d eep er, and used by e n tire  herds s im u ltan e o u s ly . Baths w e re  
e ith e r  eddies w ith in  the m a in  channel of the S ap ta -K o sh i o r w e re  
lo ca ted  a longside is lands in  cu t-b an ks  of d ry , seco ndary  channels and 
w e re  rep len ish ed  by s u b te rran ea n  flo w . M ean du ratio n  of use was  
lo n g e r than that fo r  m u d -w a llo w s , and the bu ffa lo  em erged  c lean .
S in c la ir  (1977) re c o rd e d  the longest d u ra tio n  w a llow  use 
d u rin g  the w et season am ong A fr ic a n  b u ffa lo . D u n b a r-B ra n d e r  (1923) 
ob served  the sam e phenom enon and added that p ro tec tio n  fro m  b iting  
f l ie s  was the d e te rm in a n t of extended bath ing during  the monsoon in  
A s ia . A t K osh i Tappu, m ean  d u ra tio n  of bath use during  the monsoon 
was 618 .0  m inu tes  (n = 5) as co m p ared  to 67.2 (n = 13) and 96,2 (n = 5) 
m inu tes  dut ing s u m m e r and w in te r , re s p e c tiv e ly  (F ig . 12). D u rin g
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F ig .  12 . S ea so n a l v a r ia t io n  in  m e a n  b a th in g  d u ra t io n . (^ M o n th s  
fo r  w h ic h  data  w as  n o t c o lle c te d . )
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the m onsoon, b u ffa lo  w e re  subm erged  in re c e n tly  f i l le d  secondary  
r iv e r  channels, w ith  on ly  th e ir  eyes and e a rs  p ro tru d in g . On a l l  f iv e  
occasions w hen b u ffa lo  w e re  found in baths during  d ay ligh t, they w e re  
lo ca te d  th e re  in  e a r ly  m o rn in g  and re m a in e d  in  w a te r  u n til a fte r  
sunset. T h e y  to ta lly  im m e rs e d  th e ir  heads and shook th e ir  ea rs  
f re q u e n tly  to re m o ve  f l ie s  w h ich  w e re  o th e rw ise  avoided on ly by  
g ra z in g  at n ig h t. In  c o n tra s t to s u m m e r and w in te r  bath use when  
younger age c lasses  absta ined  w h ile  adults and sub adults bathed, a l l  
h e rd  m e m b ers  w e re  im m e rs e d  during  the  m onsoon. B uffa lo  w e re  not 
seen using m u d -w a llo w s  d u rin g  the m onsoon.
B u ffa lo  w e re  seen at baths 12 tim e s  and at m u d -w allo w s  only  
once d u rin g  s u m m e r. H ig h e r fre q u e n c y  of s h o rt-d u ra tio n  use during  
the d ry  season was due to  com bin ing  d rin k in g  w ith  w a llo w in g . As 
noted b y  S in c la ir  (1977 ), b u ffa lo  m oved s lo w ly  to w a te r  w h ile  g raz in g  
and then d ran k  fo r  o n ly  a few  m in u tes . T h e y  then bathed fo r  1 4 -180  
m in u tes  and re tu rn e d  to g ra z e .
P o llu tio n  of w a llo w s  by b u ffa lo  at K osh i Tappu was due p r i ­
m a r i ly  to do m estic  h erds  and w as m ost s e v e re  d u ring  la te  s u m m er. 
H erd s m e n  ty p ic a lly  occupied a s ite  su rro u n d in g  a la rg e  bath in  a 
s e co n d ary  channel fro m  the  end of one m onsoon to the beginning of the 
n ext. A s the w a te r  becam e too fou led  fo r  d o m estic  b u ffa lo , h erdsm en  
dug d rin k in g  holes a longside the bath u n til fo rc e d  to abandon the s ite . 
T h e y  then m oved th e ir  herds to the banks of the m a in  channel w h ere
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f re s h  w a te r  was a v a ila b le . W allo w s w e re  a p p a re n tly  not abandoned 
s o le ly  due to high s a lin ity . D o m es tic  h erd sm en  continued supp le ­
m e n ta ry  s a lt feed in g  throughout the s u m m e r, in d ica tin g  that high  
s a lin ity  m ay not d r iv e  herds fro m  w a te r  holes w h ich  w e re  prob ab ly  
abandoned due to o th e r aspects of w a te r  q u a lity .
W ild  elephants in  S r i L anka r a r e ly  o r  n e v e r v is ite d  w a te r  
holes p e rm a n e n tly  occupied by o ver 80 b u ffa lo  (K u rt 1969). A t K oshi 
Tapp u, re s id e n t do m estic  b u ffa lo  h erd s  ranged in  s ize  fro m  30 to 
1,056 head (A ppendix A ) and reached  a m ax im u m  density  of 7 /k m ^  of 
w a te r  ho le  su rfa ce  a re a . P e rm a n e n tly  occupied w a te r  holes showed 
high tu rb id ity  and dense phytoplankton bloom s e a r ly  in  the s u m m er. 
W ild  b u ffa lo  w e re  n e v e r ob served  d rin k in g  fro m , bath ing, or w a llow ing  
in  w a te r  holes used e x te n s iv e ly  by do m estic  h e rd s . H o w ever, w ild  
b u ffa lo  w e re  d isp laced  fro m  w a te r in g  a reas  used in fre q u e n tly  by  
d o m estic  stock. In te ra c tio n  betw een  w ild  and dom estic  buffa lo  at 
w allo w s  was l im ite d  to  c lass 1 ju v e n ile s  and ca lves  w hich m o m e n ta rily  
m in g led  w ith , and o c c a s io n a lly  jo in e d , the w ild  h e rd  fo r  s e v e ra l days 
b e fo re  re tu rn in g  to the d o m estic  h e rd .
M o r ta l i ty
T h re e  n a tu ra l m o r ta lit ie s  w e re  re c o rd e d  during  th is  study.
An ad u lt cow and a c a lf drow ned d u rin g  the 1975 m onsoon, and one 
subadult b u ll a p p a re n tly  died of d isease  in  M a rc h  1976. A l l  th re e
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b u ffa lo  w e re  m e m b e rs  of H e rd  #11.
D ro w n in g  of b u ffa lo  occurs  in K a z ira n g a  N a tio n a l P a rk ,
A s s a m , in  monsoons of e xce p tio n a lly  high p re c ip ita tio n  (P a ta r , 
p e rs o n a l c o m m u n ic a tio n ). A t K oshi Tappu, the im p act of high p r e ­
c ip ita tio n  is  com pounded by re g u la tio n  of w a te r  flow  through the K oshi 
P ro je c t  b a rra g e  as d iscussed under P h ys io g rap h y . F ig . 5 shows the  
in c re a s e  of R iv e r  d isch arg e  during  monsoons since 1965. M ax im u m  
d isc h a rg e  shows the s h a rp e s t in c re a s in g  tren d  and is  of g rea tes t 
im p o rta n c e  to b u ffa lo  s u rv iv a l. A ssu m ing  a constant ra te  of in cre a s in g  
d isc h a rg e , m a x im u m  m onsoon d isch arg e  can be expected to reac h  the 
1968 peak a f te r  17 y e a rs , and to continue in c re a s in g  th e re a fte r . The  
1968 peak flo w  caused a 4 0 -6 0  p e rc e n t loss of w ild  bu ffa lo  due to  
drow ning .
T ra n s m is s io n  of ep izo o tics  fro m  do m estic  to w ild  bovines  
has been docum ented by num erous authors  ( In v e ra r ity  1895, D u n b a r- 
B ra n d e r  1923, D a n ie l and G m b h  1966, de Vos 1969, S e id en sticker  
1975). In v e ra r ity  (1895) a ttr ib u te d  m o r ta l ity  of a lone b u ll in  A ssam  
to  a dom estic  liv e s to c k  d isease  co n trac ted  at a w a te r  ho le . As m e n ­
tioned e a r l ie r ,  e x te rm in a tio n  of w ild  bu ffa lo  in  C h itaw an N atio n a l P a rk  
was at le a s t p a r t ia l ly  a ttr ib u te d  to d o m e s tic -tra n s m itte d  d iseases.
E p izo o tics  m ost co m m o n ly  a ffe c tin g  dom estic  liv e s to c k  in 
N e p a l's  te r a i a re  h e m o rrh a g ic  s e p tic e m ia , r in d e rp e s t, and hoof and 
m outh d iseas e . V e ld in k  (p e rso n a l co m m u n ica tio n ) noted that incidence
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of these ep izo o tics  was ra p id ly  in creas in g  in the easte rn  te ra i .  Based  
on sym ptom s d escrib ed  by lo ca l herdsm en , the subadult b u ll m o r ta lity  
of M a rc h  1976 was ap p aren tly  a ttrib u ta b le  to h em o rrh ag ic  sep ticem ia .
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C H A P T E R  V  
M A N A G E M E N T  R E C O M M E N D A T IO N S
D o m es tic  L iv e s to c k
C o c k r i l l  (1970) a c c u ra te ly  described  the state  of N ep a l's  
liv e s to c k  in dustry ;
T h e  liv e s to c k  in d u s try  of N e p a l- - i f  i t  can be designated as s u c h --  
is ch ao tic . The  la rg e  c a ttle  population is m ain ta ined  a lm ost 
e x c lu s iv e ly  fo r  m an u re  w h ich , as f e r t i l iz e r  and fu e l, is e x tre m e ly  
v a lu a b le . . . .  It  was po inted out by F  A O  (1965) that the p ro h i­
b itio n  of c a ttle  s la u g h te r im posed by the N epalese c iv il  code and 
the heavy p e n a lties  fo r  v io la tio n s  m ake the econom ic m aintenance  
of d a iry  c a ttle  on any m a jo r  sca le  an im p o s s ib ility . W hat the 
N ep alese  econom y d erives  fro m  its  "ca ttle  w ea lth "  at present a re  
po or bu llocks and b a rn y a rd  m an u re . U seless c a ttle  everyw h ere  
a re  re sp o n s ib le  fo r  d e te r io ra tin g  jungles and h i l l  fo re s ts . E x te n ­
s ive  tre e -lo p p in g  is c a rr ie d  out to prov id e  c a ttle  feed . . . .
N u m b ers  and s e x -a g e  com position  of res id en t and m ig ra to ry  
c a ttle  and bu ffa lo  w h ich  w e re  g ra ze d  w ith in  the R es e rv e  a re  shown in  
A ppendices A and B . The  den s ity  of dom estic  c a ttle  and buffalo  
(3 1 .2 /k m 2 ) was o v e r 70 t im e s  g re a te r  than that fo r  w ild  bu ffa lo . M ost 
of the do m estic  liv e s to c k  did not belong to le g a l residents  of the 
R e s e rv e , o r  even to c itize n s  of N ep a l. E v ic tio n  o r im poundm ent and 
auction  of a l l  d o m estic  liv e s to c k  not belonging to le g a l residents  of the 
R e s e rv e  should be the h ighest m anagem ent p r io r i ty .  A l l  fe ra l lives to ck  
w ith in  the R e s e rv e  should be im pounded and auctioned o r destroyed
60
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(b u ffa lo  on ly).
H um an S ettlem en t
A l l  i l le g a l s e ttle rs  and th e ir  live s to c k  should be evicted  fro m  
the R e s e rv e , and th e ir  i l le g a lly  cu ltiva ted  crops and vacated dw ellings  
should be d es tro yed . Deeded p ro p e rty  should be purchased by the  
F o re s t  M in is t ry  and the disposed ow ners re lo c a ted  in estab lished  
a g r ic u ltu ra l a reas  outside the R e s e rv e . Land ow ners in v illag es  
in flic t in g  the g re a te s t im p ac t on the R e s e rv e  should be re lo ca ted  f i r s t .  
Land pu rchase  and re lo c a tio n  should proceed  in  the fo llow ing  sequence 
of v illa g e s ; 1) G oraha; 2) P e tm a r i;  3) P h u lw a r ia -P e tm a r i;
4) H a rd ib a r i;  and 5) N aya M adubhan.
V e g e ta tio n  D es tru c tio n
A l l  u n au thorized  h a rv e s t and burn ing  of vegetation w ith in  the 
R e s e rv e  should be p re ven ted  fo r  a p e rio d  of at lea s t 5 y e a rs . T im b e r  
and shrub h a rv e s t should be p ro h ib ite d  in d e fin ite ly . F o llo w ing  a 5 -  
y e a r  m o ra to r iu m , h a rv e s t of thatch  grass (Saccharum  spp. ) and 
c a tta ills  (Typha e le p h a n tin a ) should be l im ite d  annually  to a to ta l a re a  
of not m o re  than 1.0 km ^. H a rv e s t should be com pleted on a contract 
b a s is , w ith  the a re a  designated fo r  h a rv e s t d em arca ted , and the 
cuttin g  su p erv ised  by the R es e rv e  s ta ff.
F o llo w in g  e lim in a tio n  of d o m estic  h e rb iv o re s  and a fte r  the 
5 -y e a r  m o ra to riu m  on b u rn in g , s m a ll-s c a le , e x p e rim e n ta lly  con tro lled
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g ra s s  b u rn in g  should be c a rr ie d  out on s m a ll is lands w ith in  the 
s u m m e r range of H e rd  #29. B u ffa lo  use of burned areas  should be 
m o n ito re d  and the re s u lts  used to p lan fu tu re  f i r e  m anagem ent in  the 
R e s e rv e .
F en c in g
T h e  e a s te rn  R es e rv e  boundary should be fenced fro m  10.0 to 
20 .0  km  n o rth  of the K osh i P ro je c t B a rra g e  in  o rd e r to deter w ild  
b u ffa lo  use of a g r ic u ltu ra l crops east of the R e s e rv e . F o llo w ing  fence  
co n stru c tio n , bu ffa lo  response should be m o n ito red  and extension of 
the fence  planned a c c o rd in g ly . If  ad d itio n a l p ro p e rty  east of the 
e a s te rn  em bankm ent is  added to the R e s e rv e , the new eastern  boundary  
should be c o m p le te ly  fenced .
B u ffa lo  T ra n s lo c a tio n
T ra n s lo c a tio n  of K osh i Tappu w ild  bu ffa lo  to C hitaw an N ationa l 
P a rk  was f ir s t  co n s id e re d  b e fo re  K oshi Tappu was o ff ic ia lly  estab lished  
as a w ild life  re s e rv e . T h e  te rm s  "proposed re s e rv e "  generated le g a l 
a m b ig u ity  w hich o ff ic ia ls  used to defend la x ity  tow ard  enforcem ent of 
F o re s t  M in is t ry  and N a tio n a l P a rk s  p o lic y . As a consequence, the 
R e s e rv e  s u ffe re d  u n re s tr ic te d  eco lo g ic a l devastation  and tran s lo ca tio n  
was seen as the on ly  m eans of saving  the w ild  b u ffa lo .
F o llo w in g  o f f ic ia l e s tab lis h m e n t of the R es e rv e  on 19 July  
1976 and a r r iv a l  of R o ya l M i l i t a r y  G uards 4 days la te r ,  I  expect that
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o n ly  le g a l res id en ts  w e re  p e rm itte d  access to and exp lo ita tion  of the  
R e s e rv e . B ased on th is  and a fu r th e r  assum ption that the w ild  buffa lo  
p o pula tion  w i l l  in c re a s e  in  a p resu m ab ly  m o re  fav o rab le  env ironm ent, 
the  proposed tra n s lo c a tio n  should be postponed u n til the to ta l num ber 
of w ild  b u ffa lo  exceeds 100, o r  u n til it  becom es obvious that population  
s ize  w i l l  not in c re a s e  beyond the 1976 to ta l of 63. A t that t im e , no 
fe w e r  than one adult b u ll and th re e  c o w -c a lf units should be t ra n s ­
lo ca ted  to  C h itaw an  N a tio n a l P a rk . I f  the population s ize  at Koshi 
Tapp u  does not in c re a s e , a l l  of H erd  #11 should be tran s lo ca ted  to 
C h itaw an  N a tio n a l P a rk .
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C H A P T E R  V I
S U M M A R Y
F ro m  M a y  1975 through Ju ly  1976, I studied w ild  A sian  buffa lo  
at K o sh i Tappu W ild life  R es e rv e  in ea s te rn  N ep a l. P r im a ry  study 
o b jec tives  w e re  to d e te rm in e  the status and d escrib e  the basic ecology  
of the s p ec ie s . Locations and observations of bu ffa lo  w e re  m ade on 
foot and a ided  by b in o c u la rs .
B u ffa lo  w e re  found in  th re e  d is tin c t s o c ia l groups; 1) m ixed  
h erd s; 2) b ac h e lo r herds; and 3) lone b u lls . The two m ixed herds of 
9 and 3 7 in d iv id u a ls  co m p ris e d  73 p ercen t of the known population (63)
In  1976. E ach  m ixed  h e rd  had one adu lt b u ll w hich accom panied the  
h e rd  d u rin g  a l l  seasons. M ixed  H erd  #11 had 3 adult cows and 5 
im m a tu re s , and M ix e d  H e rd  #29 had 15 adult cows and 21 im m a tu re s . 
E le v e n  im m a tu re s  w e re  less  than 12 m onths old in  Ju ly  1976, in d icating  
no less  than 61 p e rcen t ca lv in g  success. The B ach e lo r H erd  consisted  
of 14 b u lls , 9 ad u lts , and 5 subadults . Tw o add ition a l subadult bu lls  
w e re  unattached to the B a c h e lo r H e rd . A l l  herds w ere  h igh ly  cohesive, 
and H erd s  #11 and #14 w e re  im p e rm e a b le  to both w ild  and dom estic  
co n sp ec ifics . One lone b u ll was p o s it iv e ly  id e n tifie d , and I suspect 
th a t tw o a d d itio n a l lone b u lls  occupied the R e s e rv e  during  p arts  of the
64
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y e a r .
W ild  b u ffa lo  dens ity  was 0 .4 4 /k m 2 . B uffa lo  did not freq uent 
a l l  a re a s  of the R e s e rv e , and s p e c if ic a lly  avoided the w est bank of the  
S a p ta -K o s h i R iv e r  and the a re a  w ith in  5 km  north  of the b a rra g e .
M ix e d  herds occupied sep ara te  home ranges corresponding to  
s u m m e r and com bined m o n so o n -w in te r seasons. M ix e d -h e rd  home 
ranges d id  not o v e rla p  d u ring  s u m m e r but did during m o n so o n -w in ter. 
T h e  s u m m e r range of B ac h e lo r H erd  #14 overlapped that of M ixed  
H e rd  #2 9, but did not o v e rla p  that of M ixed  H erd  #11. D uring  s u m m er, 
m ixed  h erds  occupied s h o rt and ta l l  r iv e r in e  g rass lands . M ovem ent to  
s u m m e r range in F e b ru a ry  o r  M a rc h  coincided w ith  m atu ra tio n  of la te  
w in te r  crops and c o rres p o n d in g ly  reduced a g r ic u ltu ra l fo rage  a v a i l­
a b il ity  on w in te r  ra n g e s . F re q u e n c y  of feed ing  in  a g r ic u ltu ra l crops  
w as lo w es t during  s u m m e r when m ean d istance of bu ffa lo  locations  
fro m  a g r ic u ltu ra l crops was h ighest. H eat s tre s s  was to le ra te d  on 
s u m m e r ranges by d rin k in g , bath ing, and re s tin g  during hours of peak  
am b ien t te m p e ra tu re  and g ra z in g  at n igh t. M ean bathing duration  was 
lo w est during  s u m m e r, but observed  bathing freq u en cy  was highest.
M ovem en t fro m  s u m m e r to m o n s o o n -w in te r ranges in  June o r  
J u ly  co incided w ith  the beginning of the m onsoon and re la te d  planting  
of ju te  and e a r ly  r ic e  crops w ith in  m o n s o o n -w in te r ranges. M onsoon- 
w in te r  ranges w e re  cen te red  in  fo re s te d  co ver types fro m  which buffalo  
r a r e ly  ven tu red  except to feed in ad jacen t agj ic u ltu ra l a reas  at night.
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B u ffa lo  b row sed  and g ra ze d  fo re s t vegetation  during m o n so o n -w in ter, 
B u ffa lo  fed  on a g r ic u ltu ra l crops w ith  h ig h er frequency, and m ean  
distance  of bu ffa lo  ob servations  fro m  crop a reas  was lo w e r during  
m o n s o o n -w in te r than d u ring  s u m m e r. M ean bathing duration was 
h ig h est d u rin g  the m onsoon, but bathing served  to p ro tec t buffalo  fro m  
b itin g  f l ie s  ra th e r  than to fa c ilita te  th e rm o re g u la tio n . Use of m u d - 
w a llo w s  was re c o rd e d  on th ree  occasions during  w in te r  and only once 
in  s u m m e r. M u d -w a llo w s  w e re  s m a lle r  and sh a llo w er than baths, and 
m ean  d u ra tio n  of m u d -w a llo w  use was lo w e r than that of baths. M ixed  
h erd s  showed m o n s o o n -w in te r range o verlap  in the v ic in ity  of h ea v ily  
c u ltiv a te d  a rea s  w ith in  the R e s e rv e . W ith in  the a re a  of s p a tia l o ve rlap , 
te m p o ra l se p a ra tio n  was m a in ta in ed . N o c tu rn a l fo rag in g  by m ixed  
h erd s  outside the R e s e rv e  was cen tered  at sep ara te  lo catio ns . Both  
h erds  u tiliz e d  the a re a  w ith in  1 km  east of the R e s e rv e , centered  12 
(H erd  #11) and 18 km  (H e rd  #29) n o rth  of the K oshi P ro je c t b a rra g e .
B ac h e lo r H e rd  #14 was not located  during  monsoon o r w in te r. 
Lone b u ll o b servatio n s  w e re  m ade w ith in  the m o n so o n -w in ter ranges  
of both m ixed  h e rd s , but te m p o ra l s ep ara tio n  was m ain ta ined  w here  
s p a tia l o v e rla p  o c c u rre d .
T h re e  m o r ta l it ie s , in vo lv in g  m em b ers  of H erd  #11, w ere  
re c o rd e d . An adu lt cow and h e r c a lf drow ned d u ring  the 1975 monsoon, 
and a subadult b u ll died of h e m o rrh a g ic  s e p tic e m ia  during  the su m m er  
of 1976.
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APPENDIX A
D O M E S T IC  B U F F A L O  P O P U L A T IO N  A T  K O SH I T A P P U
D U R IN G  S PR IN G  1976
H e rd Status Cow Im m B u ll T o ta l
B r ib e R^ 125 120 1 246
N o rth  Tappu R 147 169 2 318
R agu R 253 212 3 468
K anchanpur RD^ 185 173 2 360
Sissoo Jungle R 171 185 2 358
H a rd ib a r i M ^ 65 70 2 137
B o a r Jungle R 15 15 30
M a r ia  D h a r R 124 107 2 233
W est P e tm a r i Is . R 87 90 1 178
G o raha R 34 29 63
P e tm a r i R 55 59 114
E a s t Bund M 130 102 2 234
W est B a rra g e R D 220 180 3 403
P h a te p u r R D 26 22 48
M adhuban R 650 500 6 1, 056
H a r ip u r R D 52 71 1 124
T ra n s ie n t 1 M 15 17 1 33
T ra n s ie n t 2 M 5 5 10
T ra n s ie n t 3 M 5 13 18
T ra n s ie n t 4 M 9 20 29
T ra n s ie n t 5 M 6 10 16
2. 379 2, 169 28 4, 576
^R = p e rm a n en t re s id e n t. 
^R D  = d ry  season re s id e n t,  
= m ig ra n t (d a ily ).
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APPENDIX B
D O M E S T IC  C A T T L E  P O P U L A T IO N  A T  K O SH I T A P P U
D U R IN G  S P R IN G  1976
H e rd Status Cow Im m B u ll T o ta l
H a rd ib a r i M 68 53 4 125
P e tm a r i  Is la n d ’̂ ' M 162 96 2 260
Sissoo Jungle"' M 106 81 3 190
N e p a li To le"' M 175 130 5 310
G o raha R 27 21 12 60
M adhuban R 334 281 44 659
Long Is lan d M 26 23 1 50
P e tm a r i R 28 18 24 70
W est B a rra g e R D 104 82 3 189
H a r ip u r R D 182 161 34 377
1, 212 946 132 2 , 2 9 0
R = p e rm an en t re s id e n t. 
R D  = d ry  season re s id e n t. 
M  = m ig ra n t (d a ily ) .
= n o n m ilk in g  h e rd s .
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